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In recent  years i t  has become a cl iché to speak of the grow -
ing importance of space systems and their  capabil i t ies to US
national  securi ty in general  and to mil i tary operat ions in par -
t icular.  At the very least ,  the changing national security envi -
ronment  and our  exper iences  in  the  Gulf  War  have  caused a
more open discussion of  what  those space-based capabil i t ies
are  and what  they should be .  Along with  a  greater  awareness
of  space has come real izat ion that  the systems often seem
unresponsive  to  the  needs  of  some users  and that  gaps  exis t
in  our  capabi l i t ies .  Many see the current  US space archi tec-
ture as fragmented and inflexible.  At the same t ime,  decreas -
ing budgets  mean that  the  solut ion  to  any problems cannot
simply be the purchase of  addit ional  capabil i ty;  the t imes de-
mand more eff ic ient  answers .1

Complacency  about  our  space  capabi l i t i es  a t  th i s  po in t
would be dangerous.  Al though the United States  present ly
has  the  bes t  space  sys tems in  the  wor ld  and mi l i ta ry  peer
compet i tors  or  threa ts  to  our  nat ional  survival  are  beyond the
horizon,  there  is  a  danger  that  effor ts  over  the  coming years
wil l  not  adequately  address  the  short fa l ls  of  the  current  space
archi tecture .  Space sys tems that  remain unresponsive ,  fa i l  to
live up to expectations, or fail  to evolve toward new capabili -
t ies will  disi l lusion national and mili tary policy and strategy
makers ,  who might  then e i ther  ignore  space capabi l i t ies  en -
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tirely or back other, possibly less effective  solut ions .  Ul t i-
ma te ly ,  such  a  s i tuat ion wil l  hur t  the  Uni ted Sta tes .

Broadly speaking,  there  are  two approaches  to  making the
nat ional  secur i ty  space archi tecture more effective. The first is
incremental,  working to eliminate inefficiencies and expand
access  to  space  sys tems and capabi l i t ies  in  a  gradual  fashion.
I t  would by and large  re ta in  the  command,  control ,  and task-
ing ar rangements ,  communicat ions  channels ,  organizat ional
s t ruc tures ,  and  space  sys tem des ign  and opera t ing  proce-
dures  of  the  current  archi tecture .  A less  conservat ive  ap-
proach would involve a  shi f t  to  a  fundamental ly  di f feren t
archi tec ture  based on decentra l iza t ion and improved respon-
siveness.  Which approach wil l  produce the best  capabil i t ies
for the United States,  given l imited resources?

A n s w e r i n g  t h i s  q u e s t i o n  b e g i n s  w i t h  a  c l e a r e r  u n d e r -
standing of  the al ternat ives.  The current  space archi tecture is
primarily command-oriented: centralized, driven by specific
performance requirements  and employing a  push approach to
providing services.  Numerous ini t ia t ives are  under  way to
modify  current  space  sys tems and make them more  respon -
s ive ,  but  fundamental  changes  would be  needed to  make the
archi tec ture  demand-or iented.  Demand or ienta t ion impl ies  a
more decentral ized organizat ion,  a  user-pull  approach to pro -
viding services ,  and a  focus on responsiveness .2

The basic  quest ion of  this  s tudy is  whether  command- or
demand-or iented  archi tec tures  can make bet ter  use  of  space
for  nat ional  secur i ty  purposes ,  and bet ter  respond to  a  chang-
ing securi ty,  technological ,  and budgetary environment.  The
quest ion is  complicated by real  tensions between the charac-
ter is t ics  of  command-  and demand-or iented systems.  They do
not perform all  functions equally well ,  and each approach
requires  some compromises .  For  example,  a  command-ori -
ented system requires  investment  in  large,  complex systems
and only  permits  incremental  changes  in  the  archi tecture .

The incremental  approach may not  be a  sat isfactory long-
term solut ion.  Although at tract ive,  and to some extent  neces -
sary ,  because  i t  makes  bes t  use  of  what  the  Uni ted  Sta tes  has
already invested,  i t  begs several  quest ions.  Does such an ap-
proach a t tempt  to  defy fundamental  t rends  in  technology,  op-
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erat ional  requirements ,  and budgets?  Because  of  the  bas ic
philosophy underlying current  space systems,  wil l  we remain
tied to small  numbers of large,  complex,  expensive,  and vul-
nerable systems spread ever  more thinly t rying to sat isfy mul-
t iple users? Will  these users then grow more dissatisfied with
the responsiveness  of  space systems to  their  needs and seek
other solutions? Will  space systems take so long to design,
build,  and deploy that they are technologically out of date as
soon as  they are  deployed? I f  the  answers  to  these  quest ions
are “yes,” we may do less,  not  more in space in the future,  to
the detr iment  of  our nat ional  securi ty.

The radical alternative is to shift to a demand-oriented archi-
tecture; one that more directly responds to the needs of today’s
primary users and can adapt more readily to changes in require-
ments or technological opportunity. The primary elements would
be smaller,  more distributed,  and autonomous space systems
that could be tasked directly by the users and more closely
integrated with other military operations. Such tailored, distrib -
uted constellations of space systems would both be enabled by
advances in microelectronics, miniaturization, automation, and
modularity, and offer a better way to keep our space systems
modern and effective. This approach also appears to fit better
with a world of global commitments and pop-up crises than our
current systems. Unfortunately, such a shift in architectures
does not come without cost, nor will it satisfy all requirements. A
demand-oriented architecture will require a more responsive
space launch capability than we currently have. It will also
require a change in satellite design philosophy to emphasize
rapid production and deployment,  perhaps at  the expense of
spacecraft lifetime. These trade-offs may reduce performance in
some areas,  which might be acceptable to some customers but
unacceptable to others.

Problems will arise if recognized issues of coverage, respon -
s iveness ,  t imel iness ,  and so for th  are  not  or  cannot  be  ad-
dressed by the space archi tecture .  I f  our  space system design
and operational philosophy remains closely l inked to a cold
war environment,  our space architecture will  l ikely be inade-
quate for the world of the next century. 3 Demands on space
systems are rising as budgets decrease. Unfortunately, the ac-
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quisition, deployment, and to some extent operation of our
space systems may remain caught in a vicious cycle of up-
wardly spiraling cost, complexity, and time, making it difficult
to accommodate the changed circumstances.  The technical
problems will be compounded if institutional inertia and or -
ganizational turf battles are allowed to impede constructive
change. What is needed is an objective method for deciding if
the challenges can be better  met by a command- or demand-
oriented approach, or if elements of both are required.

This work is an effort to develop a methodology for compar -
ing different space architectures .  Since an overriding issue is
how and why the quest ion of  space archi tecture  matters  to
future national  securi ty,  the work begins by describing the
capabil i t ies and l imitat ions of space systems.  This begs the
quest ion,  though,  of  whether  those l imitat ions are  absolute
and  in t r ins ic—unavoidab le  consequences  o f  some charac-
terist ic of the space environment—or actually the result  of the
design choices made in creating the exist ing cold war based
space architecture.  Building on these basic issues,  this  effort
paper  next  descr ibes  command-  and  demand-or ien ted  space
architectures in terms that  al low objective comparison.  Next ,
the  work  descr ibes  the  fundamenta l  fac tors—requi rements ,
technology,  and budgets—that  determine future  space archi-
tectures,  and how these determinants affect  different  types of
archi tec tura l  approaches .  The two approaches  (command-  and
demand-or iented)  are  compared against  a  tes t  case  involving
theater  reconnaissance,  survei l lance,  and target  acquisi t ion
(RSTA). Though not comprehensive, this test  case provides
broadly useful  insights  into future options for  nat ional  secu -
rity space doctrine and policy.

Describing Space Architectures

Architecture: n. Construction or structure generally; any
ordered arrangement of  the parts  of  a system.

—Webster’s Illustrated Contemporary Dictionary

A space system architecture,  shaped by the determinants of
requirements, technology, and cost at the time of its design, has
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inherent capabilities and limitations. Comparing architectural
alternatives is the best way to highlight strengths and weak-
nesses of different approaches to developing a system of sys -
tems, but this requires a common framework. This section
describes the advantages and limitations of space systems,
asser ts  that  not  a l l  the  drawbacks t radi t ional ly  associated
with space systems are intrinsic,  and closes by presenting a
way of categorizing and comparing space architectures that
are used in the rest  of the work.

Types of  Advantages and Limitations

A proper evaluat ion of  al ternat ive approaches to an issue
begins with an object ive discussion of  the advantages and
limitations of each approach. 4   Advantages and limitations of a
class of  environment-based systems (air ,  sea,  land,  or  space)
are ei ther  fundamental  or  derived.5

The first  type (fundamental) ,  which is  based on the physics
and phenomenology of  the environment or  medium, could also
be cal led enabling or  constraining.  In other  words,  fundamen -
tal advantages (or l imitations) cannot be altered, only over -
come or exploited.

The second type (derived) is based on our ability to exploit
the environment ,  which in  turn depends on technology,  doc -
t r ine ,  and cost .6 Derived advantages and l imitat ions,  though
related to  fundamental  character is t ics ,  are  subject  to  change
as military forces for example, acquire new physical abilities
and knowledge.

Dis t inguishing between fundamenta l  and der ived advan-
tages or limitations can be difficult,  especially when a way of
opera t ing  has  become so  ent renched tha t  i t s  genes is  and ra -
t ionale are obscured.  Fai lure to do so,  however,  may mean
that  the most  effective solutions to a problem are not  consid -
ered.7 Thus,  the abi l i ty  to  compare begins with an under -
standing of  the recognized advantages and l imitat ions of  space
sys tems and a  rea l iza t ion  tha t  these  are  produced f rom an
interact ion of  fundamental  or  environmental  quali t ies  with de-
sign choices.
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The Advantages  o f  Space  Systems

Perhaps because the use of  space for  mil i tary operat ions,
and particularly unclassified discussion of i t ,  is  a relatively
recent  phenomenon,  and because appl icat ions  of  space power
continue to evolve,  there are nearly as  many l is ts  of  the ad-
vantages of  space systems  as  there  are  authors .  For  example ,
Joint Doctrine,  Tactics,  Training, and Procedures (JDTTP) 3-
14 ,  Space Operations, refers  to the various missions space
systems can perform (communications,  navigation,  surveil -
lance,  etc .)  as  space system capabil i t ies .8 More to the point, it
describes space characteristics (extent,  vantage, gravity,  com -
posi t ion,  radiat ion,  temperature,  and propagat ion)  and opera -
tional considerations (difficult  access,  placement,  long-dura -
t i o n  f l i g h t ,  m a n e u v e r ,  g l o b a l  c o v e r a g e ,  d e c i s i v e  o r b i t s ,
weapons range,  and organization). 9 While recognizing in the
text  both that  the environment  affects  the character is t ics  of
the  sys tems and that  th is  environment  offers  both  oppor tuni-
t ies  and const ra in ts ,  the  JCS pub does  not  expla in  the  con -
cept completely.  For example,  i t  does not make clear what the
net effect of the characteristics of extent and composition with
weapons range and pla t form speed (an unment ioned feature)
might  be. 1 0   It  also, probably necessarily, oversimplifies such
concepts as orbit  predictabil i ty.  Except for some rather opti-
mis t ic  and  unsuppor ted  s ta tements ,  t ime  and  t imel iness  a re
hardly dealt  with at  the unclassified level as factors in space
operations.  Finally,  the operational considerations are clearly
based  on  exis t ing  sys tems;  a  va l id  approach ,  but  one  tha t  may
inhibi t  thinking about  al ternat ives.

Evolving doctrinal discussions at US Air Force Space Com -
mand focus  on  the  unique  a t t r ibutes  of  space  sys tems: con -
centrat ion,  t imeliness ,  cont inui ty,  and perspect ives.1 1 This list
appears  to be a  s tep in the r ight  direct ion,  but  i t  s t i l l  contains
some t roublesome embedded assumpt ions  about  the  a rch i tec-
ture.  For example,  the attr ibute of continuity “relates to the
long operational duration of spacecraft” implying “there is no
need to generate forces during a period of increased tension or
readiness.”1 2 This  of  course assumes we have (and can afford)
all  the capability we will  ever need on orbit  at  all  t imes, and
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also that we won’t lose some of that capabili ty (to mishap or
host i le  act ion)  at  unfortunate t imes.

The SPACECAST 2020 study conducted at  Air University
cited two “paramount advantages of space—unparalleled per -
spec t ive  and very  rapid  access  to  [d is tan t  poin ts  on]  the
Earth’s surface.”1 3 These seem close to being fundamental .
Perhaps s ignif icant ly,  the advantages were not  asserted a pri-
or i ,  but  cul led from the ideas presented in the s tudy.

Each of  the authors  or  organizat ions impose part icular  bi-
ases  on  the  use  of  space  in  descr ib ing space  a t t r ibutes  and
doctrine.  These biases affect  their  interpretation of the advan-
tages (and limitations) of space, so each list  is somewhat in -
complete .  A reasonable  synthesis  of  the fundamental  advan-
tages  of  space is  shown in table  8 .

These advantages are based on two characteristics of space.
The first  is  that space operating restrictions are determined by
the function of the spacecraft ,  not i ts  location (unlike national
airspace or territorial waters). 1 4 The second is  tha t  the  phys ics

Table 8

Advantages of Space Systems

Space Advantage Reason

Nonterritorial operations No worries about overflight rights or provocations in
prehostility phases of a crisis.

Vantage point: The ultimate high ground providing the following three
features:

 - Viewing angle  - Ability to avoid any obstructions as necessary

 - Wide area perspective
 - Ability to see an entire area of interst at once, potential
  for synoptic coverage

 - High energy states  - High speed, useful for rapid transit or potentially to
  enhance weapons effects

Global access Ability to get to any region on earth, support operations in
separated regions.
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of space  sys tems place  them higher  than other  sys tems and
give them access to large areas of the earth in a relatively short
period of time. These two features, manifested in table 8, seem
both generic enough to allow further refinement and broad
enough to capture the truly distinctive characterist ics of space.
The l ist  is  undoubtedly open to debate,  but at  this point only
one difference from other lists will be highlighted: longevity (or
continuity) is deliberately excluded. This is a design choice
based on orbit  selection and spacecraft  characterist ics,  not  an
inherent quality of all  space systems. Also, this “advantage”
does not  come without  costs ,  as  discussed later .

Of course,  none of  the advantages are  unqual i f ied,  nor  are
they necessari ly unique to space.  Combinations of  features
(global access and nonterritoriali ty,  for example) point out the
unique contr ibut ion space can make,  and provide the ra t ion -
ale for pursuing space solutions,  even in the face of significant
disadvantages and l imitat ions.

The Limitat ions  of  Space  Systems

Few authors ,  par t icular ly  in  the  space  communi ty ,  d iscuss
the disadvantages or  l imitat ions of  space systems in  any de-
tai l .  Such points are usually left  to the advocates of al ternate
approaches (e.g. ,  airborne or surface-based) as they compete
for funding.  As a result ,  several  features of  space systems that
are more closely tied to design choices or even specific system
concepts  than to the environment  i tself  have become accepted
as generic disadvantages of space.

Space  sys tems  have perceived shortcomings in their  abil i ty
to conduct  routine,  sustained,  and effect ive mil i tary opera -
tions (table 9). 1 5  Efforts  to  overcome these l imitat ions can take
several  forms:  upgrades ,  miss ion divers ion,  or  archi tectural
change.  The f i rs t ,  focusing on process  and procedures ,  does
not  seek  to  address  any fundamenta l  l imi ta t ions ,  but  to  im -
prove space  sys tem performance a t  the  margins ,  or  in  k inder
terms, to take full  advantage of existing capabili t ies.  The sec-
ond, mission diversion, involves r ep lac ing ,  augment ing ,  o r
avo id ing  the  use  o f  space -based  sys t ems  th rough  the  use  o f
such  a l te rna t ive  means as airborne platforms for  survei l lance
and reconnaissance,  and terrestrial  f iber-optic l inks for com -
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munica t ions . 1 6 The archi tec tura l  change response  is  the  most
radical  and has  arguably  not  been t r ied  in  the  nat ional  secu -
r i ty  arena. 1 7 To explain how deliberate architectural choices
affect  space system character is t ics ,  the s tudy needs a  f rame-
work for comparison.

Developing a Framework

The first element of the framework is a series of definitions
(table 10).  To construct  a generic framework for a space archi-
t ec tu re the  space ,  ground,  and  launch segments—fleshed out
with their  elements,  as defined—make up one axis of a matrix.

The second axis  is  the a t t r ibutes .  The resul t  forms the basis
for describing the specific features of an architecture,  and
thus al lows comparison of different  architectures.  The real-
world determinants  of  requirements ,  technology,  and cost  as
described later  provide addit ional  detai l  and refinement.

Table 9

Perceived Disadvantages of Space Systems

Perceived disadvantage Meaning

Distance Space systems must operate remotely.

Predictability Enemy knows when satellites will be overhead.

Poor continuity Lack of dwell time and gaps in revisit time.

Poor responsiveness Ability to respond to crises they weren’t designed for
(strategic) and to theater requirements (operational).

Inflexibility Long planning lead times, difficulty of making changes.

Unsatisfactory timeliness Inability to distribute information to end users quickly.

Vulnerability To attack or natural disaster.

Environment Harsh radiation, temperature, debris, etc.

Cost Both space systems and access to space are expensive.
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Elements  of  a  Space Architecture

The challenge is  to make the l is t  of  elements a  useful  break-
out inclusive of different types of systems but not overly spe-
cific.  One way to do this is to use general types of elements as

Table 10

Space System Terms and Definitions

Architecture

The overall, grand design for the hardware, infrastructure procedures,
and measures of performance of a “system of sytems.” A strategic
theory for exploiting space and a doctrine for employing space
assests are implicit in an architecture, though these things may not
be well articulated.

National security
space architecture

The architecture assoicated with military, intelligence, and other
functions commonly referred to as the “national security” sector.

Segments

Parts of an architecture grouped by their role and environment. The
space segment is what remains on orbit for the duration of its
mission. The ground segment is employed by space “operators” and
“customers” to make the space segment useful to terrestrial
operations. The launch segment is concerned with deploying the
space segment, though certain kinds of “launch” vehicles may
perform other missions.

Elements

The component pieces of the segments; for example, the ground
segment would include command, control, communications,
processing and distribution, logistics, and supporting infrastructure
elements.

Operator An organization that controls the activity of a space sytem.

Customer An organization or individual with a need for a space product or
service.

Attributes

The desired/required, implied or predetermined characteristics of the
elements. For example, survivability (robustness?) is a general
attribute, which is determined by a system’s size, “hardness,”
maneuverability, stealthiness, and other properties (subattributes).
Some measure of survivability may be required by military necessity
and expected threat. The way this is specified will determine parts of
other attributes, such as cost or logistics.

Functional area Force enhancement, force application, space control, space support.

Mission area A subset the functional areas, such as navigation under force
enhancement.

Determinants Operational requirements, technology, cost.
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described below, rather than l ist ing every possible element of
each  segmen t .

The space  segment consis ts  of  the  mission payload,  the
spacecraf t ,  and the constel la t ion.  The mission payload  in -
cludes  the sensors ,  t ransceivers ,  or  other  equipment  that  pro -
duce a satellite’s capability. Depending on design, this could
be either a fairly modular and easily identified element,  or i t
could ( in a highly integrated system) merge with the space-
craft  element.  Normally though,  the spacecraft  element pro -
vides support  to the payload,  power,  navigation,  control ,  and
maneuver ing capabi l i ty ,  communicat ions ,  and s t ructure .  The
constellation  is  the number of satel l i tes and their  orbits .  To -
gether ,  the  e lements  of  the  space segment  determine much of
the performance,  l i fet ime, degree of ground support  required,
and other  qual i t ies  of  a  space system.

The ground segment i s  composed of  e lements  that  support
the satell i tes in orbit  and exploit  the information they provide,
and can be  broken down into  te lemetry ,  t racking,  and control
(TT&C),  faci l i t ies  and infras t ructure ,  and user  equipment .
TT&C is primarily related to those functions needed to main -
tain the satel l i tes  in orbi t  and ensure they perform properly.
Fac i l i t i e s  and  in f ras t ruc ture  a re  bu i ld ings ,  an tennas ,  and
other  suppor t  equipment ,  but  a l so  any in termedia te  commu-
nicat ions or  processing capabi l i t ies  needed to  del iver  and
make the product  of  the satel l i tes  useful  to their  ul t imate
cus tomers .  This  a lso  inc ludes  common use  equipment ,  such
as the space surveil lance network which keeps track of orbit -
ing objects .  User  equipment  could range from things l ike
Global Positioning System (GPS) receivers and special satellite
communicat ions  (SATCOM) equipment  to  f ie ld-deployable
ground s tat ions and tact ical  disseminat ion capabi l i t ies .  The
features  of  the ground and space elements  interact  s t rongly
and provide many potential  areas for trade-offs.

The launch segment includes equipment, facilities, and proce -
dures needed to deploy the space segment. These can be divided
into the command and control functions and the sites required
to physically prepare and launch a vehicle. Of course the vehicle
itself makes up the third category of launch segment elements.
Although it is called launch ,  this  segment would also include
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other  funct ions,  such as  orbi t  t ransfer ,  recovery,  and deorbi t ,
or  even suborbital  missions.  I t  may be worth cal l ing this  the
transport  segmen t as  ( if  and when) the United States moves
toward a  more comprehensive and sophis t icated space capa -
bili ty.  This segment,  though traditionally seen as completely
subordinate  to  the  requirements  of  the  spacecraf t  des igners ,
may in fact hold the key to flexibili ty in the other segments.1 8

Summariz ing the  discuss ion above,  the  bas ic  e lements  of  a
space  archi tec ture  can be  l i s ted  as  in  table  11.

By themselves,  the elements described above offer only a
phys ica l  desc r ip t ion  o f  a  space  a rch i t ec tu re . 1 9 F u n c t i o n a l
character is t ics ,  l ike data  t ransmission,  information process-
ing,  and data  fusion,  are  in  fact  incorporated in the physical
elements  as  are seen in later  archi tectural  descript ion.  To
make value judgments  about  an archi tecture  and especia l ly  to
compare al ternatives,  some quali tat ive description is  needed.
For this  purpose,  the at tr ibutes below will  help complete the
picture .

Table 11

Space Architecture Elements

Segment Element

Space Mission payload

Spacecraft

Constellation

Ground Telemetry tracking and control (TT&C)

Facilities/infrastructure

User equipment

Launch/transport Command and control

Launch sites/ranges

Vehicle
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Attributes  of  Space Systems

As def ined in  table  12,  the  a t t r ibutes  descr ibe  the  charac-
ter is t ics  of  each element .  These at t r ibutes  should ant icipate
design requirements  and possibi l i t ies ,  but  not  predetermine
the  ac tual  des ign.

The at tr ibutes in table 12 reflect  the key considerat ions
involved in designing space systems . 2 0 As with the elements of
a  space archi tecture ,  i t  i s  useful  to  group the  a t t r ibutes  in to
categories rather than deal  with specif ic  i tems separately.  The
reason for  this  is  that  overspecifying the at tr ibutes can unin -
tentionally foreclose design choices. For example, the generic
a t t r ibute  of  robustness could be achieved in several ways in -
volving the following interrelated (to themselves and to other
attr ibutes)  quali t ies:

Table 12

Space Architecture Attributes

Attribute Definition

Performance Ability to provide a service with necessary detail, precision, and
accuracy.

Responsiveness Ability to deliver the required performance as needed and on
time.

Flexibility Ability to shift functional or geographic focus.

Robustness
The system should not fail catastrophically or become unable

to perform its mission satisfactorily in the face of attack or
mishap.

Logistics requirements Quantity and type of support needed.

Reliability/availability
The chance of the system being fully or sufficiently operational

day-to-day.

Ease of operations Degree of specialized training required.

Environment impact Amount of debris, waste or other pollution or need to construct
new facilities.

Cost Life cycle: research, development, acquisition, operation, and
disposal.
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• survivabil i ty through hardening of spacecraft ;  location
(a l t i tude) ;  pro l i fera t ion/d is t r ibut ion  of  asse ts ;  s tea l th /
deception/decoys; defense (either organic or with dedicated
platforms); and maneuver (this and defense depend on
threat detection and assessment);

• ability to augment/reconstitute capabilities through on-orbit
spares or rapid launch;

• graceful  degradat ion  of  indiv idual  sys tems and/or  the
constellat ion; or

• reduced vulnerabi l i ty  to  at tacks on l inks and ground s i tes
through autonomous satel l i tes ;  ant i jam/low probabi l i ty  of
in te rcep t / encryp t ion ;  and  ha rden ing ,  mobi l i ty ,  and /o r
proliferation of ground equipment. 2 1  

The at tr ibutes are presented without  priori ty or  weighting at
this point. Adding that level of detail—deciding on the relative
i m p o r t a n c e  o f  t h e  a t t r i b u t e s — r e q u i r e s  m a k i n g  s t r a t e g i c
choices  about  the nature  of  the space archi tecture .  Ful ly  de-
scr ibing the  e lements  and making design choices  (such as  the
one on robustness mentioned above) requires both priori t iza -
t ion and applicat ion of  real-world determinants .  The frame-
work is already of some use in describing generic types of
architectures. Specifically, it  can help illuminate the differ -
ences  be tween command-  and demand-or iented  approaches .

Command and Demand Orientat ion

The dis t inct ion between command and demand or ienta t ion
is significant because the two types are optimized differently
and have different priori t ies.  In this sense,  there is  a similari ty
to the debate over centralized versus distr ibuted control  of
airpower. 2 2 The two types of architecture also imply significant
d i f f e r e n c e s  b e y o n d  c o m m a n d ,  c o n t r o l ,  a n d  o r g a n i z a t i o n ,
namely in the capabil i t ies ,  design,  and deployment of  space
sys t ems .

A command-oriented archi tecture  is  a  centra l ized approach,
relying on central  direction and control  for efficiency and
economy of force. In theory, as with the centralized control of
a i rpower ,  th i s  command-or ien ted  sys tem ensures  tha t  the
best use is made of scarce yet flexible assets.  Because of the
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nature of  space systems (worldwide access)  and the potential
significance of the functions they perform, this kind of archi-
tecture  responds f i rs t  to  nat ional  and s t ra tegic  needs,  leaving
needs at  the operat ional  and tact ical  levels  to be sat isf ied as
lower priorit ies or as by-products of higher-level requests.2 3

Command orientat ion emphasizes the at t r ibute of  perform -
ance in specif ic  tasks,  which has several  consequences.  I t
leads to small  numbers of  large,  complex,  high performance,
and long-lived satelli tes with highly specialized mission sup-
port  infras t ructure ,  and at tempts  to  make long-range fore-
cas ts  of  future  space system requirements .  To deal  wi th  future
cont ingencies ,  the  sys tem must  ant ic ipate  unknowable  de-
mands,  which of ten leads to  the inclusion of  performance
“pads” in the design.  The number of  launches needed to main -
tain this architecture is  small ,  though i t  often uses heavy-lif t
vehicles.  The at tr ibutes emphasized here—as with the satel-
li tes—are performance and reliability.

Organizat ionally,  a  command-oriented architecture ( in the-
ory) has a single executive agent for the mission.  In practice,
however,  the value of  space systems for  various missions and
the security/secrecy requirements for “exotic” capabili t ies can
lead to vertically integrated organizations to design, develop,
and operate systems special ized along functional  l ines.  Opera -
tions within each of these “stovepipes” are centralized, and
then an addit ional  element  of  central izat ion is  added through
coordinat ing or  oversight  committees.  This  phenomenon tends
to improve the responsiveness of  a  system to i ts  funct ional
community,  but  a t  the expense of  making access  from outside
that  community more difficult .

To help visualize the nature of a command-oriented architec -
ture, a matrix combining the elements and attributes of a space
architecture can be used to reflect the priorities described above.
Of necessity, this will be a rough portrait; it cannot readily
incorporate qualitative features (such as the degree to which a
spacecraft might need to operate autonomously) without the
framework becoming much more detailed. Nor is it easy to por -
tray the relative importance of the different elements in terms of
resource allocation without creating confusion. As a first cut at
describing an architecture type, as a possible basis for an op -
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era t ions  analys is  approach,  and in  prepara t ion for  applying
the real-world determinants  of  the next  sect ion,  this  approach
has some uti l i ty.  Using this  framework,  a  command-oriented
architecture would look l ike table 13.

For simplicity, the table uses only three levels of priority,
with darker  symbols indicat ing greater  relat ive weight/empha-
sis  of  each at tr ibute-element pair  in design considerat ions (l
= high,  w =  medium,  m = low). This does not mean that a low
emphasis  is  unimportant ,  only that  i t  would fare  poorly in  a
trade-off with a higher priority i tem. Finally,  this is an attempt
to describe a  hypothet ical  command-oriented archi tecture,  not
one that  exis ts  in  the real  world.

In  cont ras t ,  a  demand-or iented  archi tec ture  is organized
around the at tr ibutes of responsiveness and flexibil i ty. 2 4 Again
in theory,  this  type of system would accommodate the needs
of any potential  user with the priori t ies determined by a given
si tuat ion.  To support  these goals ,  a  demand-oriented archi tec-

Table 13

Command-Oriented Architecture Priorities

Space segment Ground segment Launch segment

Payload Constel. Craft TT&C Facilities User C2 Sites Vehicle

Performance l l l l l w l l l
Responsiveness w w w l w l w m m
Flexibility w w m m w m m w m
Robustness l l l w m m w w m
Logistics re-
quirements m m m m m m m m m
Reliability l l l l l l l l l
Ease of opera-
tions m m m w w w w m m
Environmental
impact m m m m m m m w m
Cost m m w m m w m m w
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tu re  would  cons is t  of  re la t ive ly  ( to  command or ien ta t ion)
larger  numbers of  smaller ,  more autonomous,  special ized,  and
short-l ived satell i tes deployed in constellations that could be
tai lored to specific si tuations.  Because of the larger number
and more  rapid  launches  that  would  be  required,  launch sys -
tems would be driven by two primary at tr ibutes—responsive -
ness  and cost—and would operate  much more  l ike  current  a i r
t ranspor t .  Specia l ized infras t ructure—from launch through
end user  equipment—would be minimized,  ei ther  by a  reduc-
t ion in  infrast ructure  requirements  or  through shar ing of  in -
f ras t ruc ture  wi th  o ther  sys tems.

Organizat ional ly,  command and control  would be decentral-
ized to some extent,  for example with fielded units  at  some
level able to directly task as well as receive information from
space systems,  though overal l  spacecraft  “health and welfare”
funct ions might  be performed central ly.  The danger that  a
demand-oriented system presents ,  i f  poorly coordinated,  is  the
same as that of decentralized airpower-potentially inefficient,
poorly coordinated, and misdirected effort (table 14).

Table 14

Demand-Oriented Architecture Priorities

Space segment Ground segment Launch segment

Pay-
load Constel. Craft TT&C Facilities User C2 Sites Vehicle

Performance w l w w w l l l w
Responsiveness w l w w l l l l l
Flexibility m l l l w w l l l
Robustness w l w w m l l l l
Logistics re-
quirements m w w m m l m l l
Reliability w l w w w l l m w
Ease of opera-
tions l w l l w l w w l
Environmental
impact m m m m m m m w w
Cost l w l w w w l l l
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In  comparison to  the  command-or iented archi tec ture ,  th is
i l lustrat ion shows differences in the at t r ibutes  that  are  impor -
tant  for part icular elements,  as well  as differences in the pri-
ori t ies of  at tr ibutes across the architecture.  This is  part icu -
larly noticeable in comparing the priori t ies for the launch
vehicle and in comparing the emphasis placed on the flexibil -
ity and reliability of different elements in the two architec-
tures .  I t  a lso shows that  there  are  more high pr ior i t ies  in  the
demand-or iented archi tecture ,  perhaps  an indicat ion of  why
creating one may be difficult .  Although not fully representative
of the differences between the architectural  types,  the chart
i l lustrates the value of building an analytical  framework.

The next  sect ion explains the priori t ies and why some of the
features described as part  of  one architecture are not  available
to  the  other .  For  several  reasons ,  pure  archi tecture  types  can-
not exist  in the real world. Some of those reasons, which will
help to introduce the real-world determinants,  can be i l lus-
trated by a brief  look at  our current  architecture.

Current Architecture

A thorough descr ip t ion  of  our  cur rent  na t ional  secur i ty
space  archi tec ture is  not  possible  in  an unclassif ied paper ,
but  the out l ine of  i ts  funct ions shows that  i t  i s  pr imari ly
command-oriented. The four Joint Chiefs of Staff (JCS) space
functional  areas are force applicat ion,  space control ,  force en -
hancemen t ,  and  space  suppor t . 2 5 Except for ballistic missiles,
which st i l l  have only a strategic nuclear mission,  we have no
force application capability from or through space. Likewise,
we have no space control  capabil i ty except for the monitoring
function of  the space surveil lance network.  The force enhance-
ment  miss ion areas  that  are  current ly  supported are  naviga -
t ion,  communicat ions ,  miss i le  warning,  environmental  sens-
ing, and RSTA. 2 6 Space support  consis ts  of  launch,  satel l i te
control,  and logistics.

With few exceptions, the architecture reflects the charac-
ter is t ics  of  command orientat ion .  Overa l l ,  cons ider ing  the
number of missions performed and potential  customers,  there
are a relatively small number of spacecraft.2 7 Satellite constella -
tions tend to reflect the coverage needs of the cold war.2 8 We also
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have a small  number of operating sites—the primary ones are at
Shriever AFB, Colorado, and Sunnyvale, California, and there
are only two launch sites.2 9 Our launch vehicles and operating
procedures are not able to respond rapidly to a crisis. 30 Finally,
those who can task, communicate with, or even receive informa -
tion from a space system directly are relatively few.3 1

Such funct ions  of  the  current  a rchi tec ture  as  communica -
t ions,  certain intel l igence indicators ,  and missi le  warnings are
now provided relat ively t ransparent ly to the ul t imate users
through such exis t ing channels  as  the tact ical  information
broadcast system (TIBS), tactical receive equipment (TRE), and
tactical related applications (TRAP). These are excellent exam-
ples  of  a  push approach,  s ince the  t ransparency of  informa-
t ion del ivery causes users  to often be unaware of  the contr ibu -
t ions of  space systems,  or  the potential  or  procedures to get
addit ional  information.

In pract ice ,  the archi tecture  was designed to  respond to  the
needs of  the National  Command Authori t ies  and nat ional  in -
tel l igence centers and to support  s trategic nuclear missions.  I t
s t i l l  has  these as  i ts  top customers  and prior i t ies .3 2 The  a rch i-
tecture has evolved over  the past  few years ,  but  i t  has done so
by exploi t ing bui l t - in  but  underused capabi l i ty ,  not  by chang-
ing i ts  basic orientation.

Of course,  there are exceptions.  The GPS system is  one
obvious example with widespread appl icat ions.  Also,  there
have been numerous Tactical  Exploitat ion of National Capa -
bilities (TENCAP) initiatives by the services, especially since
the Gulf  War,  to  make nat ional  systems more useful  to  theater
commanders in chief (CINC) and war fighters.  The creation of
the Space Warfare Center and  space  suppor t  teams promise  to
br ing  in  some e lements  o f  demand or ien ta t ion ,  bu t  these
measures  do  not  change the  bas ic  charac ter is t ics  of  the  archi-
tecture. Access, allocation, and priorities are decided centrally,
and there  are  only  a  few assets  to  sa t is fy  many needs .

There are  many interrelated reasons for  this  focus.  Securi ty
has played a major  part ,  s ince there exists  the need to l imit
knowledge of our most sophisticated capabilities. Security will
continue to be a  source of  tension given a l imited number of
assets ,  s ince any knowledge of  their  operat ing procedures
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could compromise their effectiveness. A lack of well-docu -
mented requirements  for  expanded capabi l i t ies  and in  some
cases an inabil i ty  to ar t iculate  requirements  from the s ide of
the war f ighter remains a factor.  Bureaucratic poli t ics have
also  played a  par t .  Those  organizat ions  that  in  the  pas t  suc-
cessfully pressed a claim to some control over a capabili ty now
are reluctant to give up any of i t .  Technology has certainly
been a factor ,  s ince for  many years  our  space systems were on
the cutt ing edge and therefore l imited by what was deemed
possible. Cost,  which certainly relates to technology, is often a
deciding factor  in whether  we can do a certain mission and
how it will  be done. Finally, national politics, whether of the
visionary or the pork barrel  sort ,  has affected everything from
the direction of space research and development (R&D) to the
nature  of  our  spacel i f t  and space access .

Perhaps  the  bot tom l ine  i s  that  our  current  space  archi tec-
tu re  was  no t  bu i l t  a s  pa r t  o f  a  g rand  des ign ,  bu t  r a the r
evolved gradually under the pressure of many influences.  Pol-
icy makers are now struggling with technical ,  physical ,  and
bureaucrat ic  iner t ia ,  and the  var ious  demands of  a  changed
nat ional  securi ty  environment ,  shr inking budgets ,  and an ex -
ploding technology base to  determine the future of  our  space
architecture.  The quest ion for  the next  sect ion is  whether
there  is  a  ra t ional  way to  evaluate  these many inf luences,  and
what  messages this  process might  hold for  the future direct ion
of  space systems.

Applying Real World Determinants

Even if  “ideal” command or demand architectures do not
exist  in the real  world,  i t  is  useful  to ask when a bias toward
one approach or  the other  is  appropriate .  No general  discus-
sion can anticipate al l  the factors that  might affect  the choice
of a  system or architecture.  In keeping with the theme of a
framework for  comparison,  the study proceeds with a method
for applying real-world determinants  in the areas of opera -
t ional  requirements,  technology,  and budget  to the framework
of  space  archi tec ture  e lements  and a t t r ibutes .
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The first  step is  to identify the determinants,  describe how
these  cha l lenge  assumpt ions  made  in  the  pas t ,  and  descr ibe
how the  determinants  in teract .  F inal ly ,  the  determinants  are
applied to the generic  framework of  command or  demand ar -
ch i tec tures  to  show how the  inheren t  assumpt ions  and  re -
strictions of each produce different implications.

Real-World Determinants:  Requirements

In  the real  world,  requirements  are  debated endlessly  and
often have different meaning to different people. Requirements
also tend to  be focused on specif ic  missions or  mission areas ,
at  least  when formalized as official  documents.  Though devel-
oping detailed requirements in i tself  implies some analysis,
there are  a  few generic  requirements  for  future space systems
that  would seem to apply across  the  board.3 3

The first is that in the uncertain international environment of
the post-cold-war world, we cannot optimize coverage of any
particular region for an indefinite length of time. US interests are
global,  and our potential enemies are both less obvious than the
Soviet Union, and more likely to be changing (this year’s friend
could be next year’s revolutionary trouble spot). Compounding
this problem is the fact that fewer US forces will be forward
based, so that much, if not all ,  of the ground support equipment
we need to exploit space in response to a crisis will have to be
deployed from the continental United States.

The second requirement is  for capabil i t ies to be available at
the earl iest  possible s tages of  any cris is .  History suggests  that
a  prompt and appropriate  response to a  developing s i tuat ion
can often obviate  the need for  a  more drast ic  response la ter .
To make this  possible ,  the United States  must  have forces,
including space systems,  that  can be on the scene,  ta i lored to
the si tuation,  and fully operational in l imited t ime. The ques -
t ion is  jus t  how short  the  react ion t ime must  be;  shor ter  is
l ikely to be better ,  but at  what cost?

The third requirement  is  that  systems be able  to  funct ion
with l i t t le  s trategic warning and,  perhaps in the case of  space
systems,  that  they provide the s t ra tegic  warning.  In  other
words,  systems must  not  only have short  operat ional  and tac-
tical  reaction t imes (the issue above) but will  have to be adapt-
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able to vastly different types of si tuations.3 4 Crises of the fu -
ture  wil l  tend to  pop up unpredictably or  e lse  suddenly f lare
up after  a  long period of  dormancy to grab the headlines and
demand at tention from policy makers.  Somalia,  the previously
repressed nat ional is t  and ethnic  confl ic ts  in  eastern Europe
and the former Soviet  Union,  and North Korea’s nuclear weap-
ons are  a l l  recent  examples .  The di lemma posed by this  and
the preceding requirement is  that  the kind of coverage needed
for global situational awareness is so massive that i t  will  tax
our  abi l i ty  to  deploy and opera te  the  sys tems and assess  the
information.

The fourth requirement is that capabilities be flexible enough
to respond to many different types of crises, from large-scale
armored attacks to humanitarian relief operations. Also, the de-
mand for the services of our space architecture is likely to ex-
pand suddenly and massively. For example, the desire to limit
collateral damage in wartime and the possibilities of precision
weapons have opened the door to potentially huge requirements
for extremely detailed data on short notice. Worldwide deploy-
ments in response to crises could mean great  surges in demand
for remote, high bandwidth communications capabilities. The
dilemma is whether to build capabilities that will be insufficient
and then prioritize tasks, build in so much excess capability
that  unanticipated tasks can be accommodated,  or try to aug-
ment and update capabil i t ies as required.

The f inal  general  requirement is  that  our  systems perform
their functions with l i t t le or no delay for processing, analysis,
and transmission of  information.  This  has been expressed in
many ways—real  t ime,  near  real  t ime,  and in  t ime—and im -
plies not just the delivery of a product,  but i ts delivery to
exactly the right customers in an immediately useful form. In
a future  world where t ransi t  through space is  used for  rapid
delivery of cargo, people, and weapons, these concerns will
apply to the physical  as  well  as  the ethereal .

In  summary,  the  fu ture  na t ional  secur i ty  space  archi tec ture
will have to function globally, bring its full capability to bear
on an uncer ta in  enemy and s i tuat ion rapidly ,  and provide
enough of the r ight  kind of service in near real  t ime.  Many
aspects  of  this  s i tuat ion favor  space systems of  any kind,  but
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not without  reservation,  especial ly when we must  operate in a
constrained budget  environment  as  is  discussed below.

Real-World Determinants: Technology

This study does not explicit ly evaluate all  technologies that
could contr ibute to space systems.  As in the area of  require-
ments ,  there  a re  some t rends  and genera l  i ssues  tha t  mer i t
consideration.  The first  is  the general  trend away from the
Department of Defense (DOD) leading developments in high
technology sectors of the economy to DOD’s product cycles
trailing far behind those of the commercial world. Arguably,
this is a reversal of an historically atypical post-World War II
t rend,  but  the implicat ions for  development  of  future systems
are profound. As equipment takes longer to produce, i t  will
increasingly include out-of-date components,  design practices,
and materials .  This  is  t rue in many mil i tar i ly s ignif icant  areas
such as  microelect ronics ,  though not  in  cer ta in  niche areas
such  as  a rmor  p la t ing  and  nuc lea r  submar ine  cons t ruc t ion .
The quest ion faced is  whether  space  sys tems are  one of  those
niche  areas  or  not .

A  r e l a t ed  i s sue  i s  t he  cu r r en t  t r end  f avo r ing  dua l -u se
spending for  government  research and development  money.
How well  do space systems take advantage of this trend? Will
a  dual-use focus al low the government  to  cont inue invest ing
as much as i t  bel ieves necessary in al l  the mili tary niches? If
not ,  what  are the priori t ies  in technology development,  and do
they  suppor t  space  sys tem requi rements?

In specific technology areas,  advances over the past few
years have been dramatic.  This is  particularly true of micro -
electronics and microprocessors.  Not only is  their  capabil i ty
today  much  grea te r  than  anyth ing  expec ted  when  our  cur ren t
space  sys tems were  des igned,  but  progress  in  the  near  fu ture
may be even more rapid.  Are mil i tary systems in general ,  and
space systems in  par t icular  poised to  take advantage of  this?

Both mil i tary and commercial  R&D have made possible ad-
vances  in  command,  contro l ,  and communicat ions .  Higher
bandwidth l inks,  especial ly using lasers,  new methods of com -
pressing information to fi t  into less bandwidth, more efficient
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ways of  managing communicat ions  channels ,  the  development
of  more autonomous machine capabi l i t ies ,  and the  develop-
ment  of  expert  systems to  reduce human workloads are  a l l
examples .  Has  the  space  sys tem des ign  kept  up?

Several technologies funded by the Strategic Defense Initiative
Organization (SDIO) during the 1980s appear close to fruition
now. These include miniaturization of sensors, many spacecraft
components,  and the abil i ty to design and build smart  struc-
tures that provide strength, rigidity or precise alignment, and
vibration control at a fraction of the weight of current designs.
Materials technologies, advanced by many different research
and development efforts, also offer a chance to reduce weight or
increase performance of structures and surfaces.

Both the commercial  and to a  lesser  extent  the mil i tary
sectors of  industry have made progress in the related f ields of
standardizat ion,  modulari ty,  and f lexible manufacturing. 3 5 To -
gether, these capabilities allow products tailored to a specific
customer’s desires to be produced quickly without  requir ing
extensive,  costly redesign,  test ing,  and fabrication by hand.
How well  do space systems take advantage of these capabili -
t i e s  and  t rends?

On the negative side,  there has been relatively l i t t le progress
in recent years in improving spacelift  capabili ty.  With minor
except ions ,  such as  the  Pegasus  smal l  launch vehic le ,  our
systems and operat ing concepts  remain closely t ied to  the
ICBM-derived launchers we have used since the beginning of
the  space age.3 6 Concepts  that  could radical ly  cut  costs  and
improve access  to  space would seem to meri t  high prior i ty ,  but
the efforts  and results  to date have been paltry. 3 7 Is  this be-
cause of technological hurdles or because of a lack of insti tu -
t ional  agreement  on what  i s  needed? Can space  archi tec ture
comparisons  shed any l ight  on this  i ssue?

In  genera l ,  reviewing technology and technology t rends
raises  the issue of  what  are  the best  choices  or  combinat ions
for  a  future  space archi tecture .  Does the nature  of  an archi-
tecture affect its ability to apply new capabilities? Do tech -
nologies  make possible  some things thought  unworkable in
the  pas t?
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Real-World Determinants: Budget

No discussion of real-world determinants would be complete
wi thout  the  bot tom l ine .  Cost  has  a l ready been ra ised as  an
issue in terms of how much capabil i ty we can afford,  and
what sort  of research and development we will  be able to
pursue,  so  what  are  the  general  out l ines  of  the  budgetary
de te rminants?

Firs t ,  absent  a  new perceived threat  to  our  nat ional  sur-
vival,  defense budgets likely will continue to decline absolutely
and in  purchasing power in  the near  term.  In an effor t  to
prevent the current mili tary from becoming a hollow force,  the
research and procurement  accounts  of  the  budget  wil l  prob-
ably be sacrif iced to maintain current  readiness .  Space sys -
tems are  no except ion:  the prospect  for  new system star ts  in
the near  term is  poor  and get t ing worse,  and the acquis i t ion
communi ty  seems unable  to  produce  any  new answers .3 8 Even
the development programs in the “black” world,  traditionally
thought  to have almost  unl imited budgets  to get  their  job
done, seem to be feeling the pinch. 3 9

As research,  development ,  and acquis i t ion budgets  shr ink,
there is  increasing emphasis on reducing the l ife-cycle costs of
sys tems ,  inc lud ing  opera t ions ,  ma in tenance ,  and  d i sposa l
along with procurement .  The catch-22 is  that  bui lding sys -
tems with lower life-cycle costs requires more up-front invest -
ment  in  improved designs .  In  a  wors t  case ,  th is  could  mean no
options but  incremental  upgrades to  system designs.  Again
this  ra ises  the quest ion,  do space archi tecture  a l ternat ives
offer any way out of this dilemma?

Final ly,  the budgetary environment  raises  the quest ion of
whether  anything can be  done in  the  nat ional  secur i ty  space
business  to  take advantage of  the market  forces of  the com -
mercial  sector .  Although this  issue has most ly been discussed
in terms of the commercial  sector providing such services as
launch,  communicat ions ,  and even remote  sensing,  we should
ask  i f  there  a re  space  archi tec tura l  opt ions  tha t  might  be  more
adaptable to a  world in which market  forces,  not  government
priorit ies,  drive most investment decisions.
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How Do the Determinants  Interact?

In  discuss ing the  determinants ,  many of  thei r  in teract ions
have a l ready become apparent .  Requirements  dr ive  a  sys tem
toward greater  capabil i ty while budgets place l imits  on what
can be  done,  whether  in  te rms of  numbers ,  qual i ty ,  or  the
amount of  research and development.  Technology,  however,
can cut  both ways.  I t  can force  costs  higher  whi le  enhancing
performance,  or i t  can make a mission possible with fewer
resources than before.  Sometimes technology can create  new
missions or capabilities, which are very difficult to quantify.4 0

Genera l ly ,  the  in terac t ion  of  the  de terminants  produces
ques t ions  tha t  mus t  be  answered  by  engineer ing  t rade  s tud-
ies .  Can enough assets  be  kept  on orbi t  to  cover  a l l  s i tuat ions?
Conversely,  can an augmentat ion be deployed fast  enough to
mat te r?  Can  the  ground  suppor t  equ ipment  needed  to  make
use of  our  space assets  be  deployed in  a  t imely manner?  What
is affordable? Is there a way to get more capabili ty for the
same or  less  money? What  are  the  pr ior i t ies?  Do we/can we
sacr i f ice  miss ions  and reduce manning?

Recognizing the way the determinants interact  is  crucial ,
because doing so exposes the s teps needed to  solve a  problem.
By way of illustration, consider the process of designing a
satel l i te .  If  the design process begins with requirements that
specify a certain satell i te l ifetime, those requirements will
drive several  design features such as the quali ty of  parts ,
redundancy in  the system,  and the amount  of  fuel  for  orbi t
maintenance.  These features ,  combined with  the  miss ion of
the satel l i te ,  determine i ts  weight  and orbi t ,  hence the launch
vehicle  required.  If  access to space is  expensive,  and the
number of  satel l i tes  being launched is  small ,  requirements
and fiscal  pressure wil l  drive the designers to add addit ional
capabil i ty to each satell i te,  thus increasing i ts  complexity and
weight.  In extreme cases,  this could force the satell i te to be
launched from a more capable (and expensive) launch vehicle.
At this point,  recognizing the amount of money being invested
in this  s ingle  system and the  number  of  requirements  i t  i s
intended to fulfill ,  designers will feel pressure to make it  even
more rel iable and longer-l ived.  This  means even higher qual-
i ty ,  more redundancy,  and so forth.  Concurrent ly,  recognizing
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that the system will  be on orbit for many years, designers will
need to build in addit ional performance margin.  All  of these
activit ies lengthen the t ime needed to build,  test ,  and deploy
the satel l i te ,  and increase costs  dramatical ly.  The resul t  is  a
s tagnat ing development  system, a  dearth of  successful  new
program star ts ,  and a  rel iance on modif icat ions to  proven but
often dated designs to  keep costs  under  control .  Unfortu -
nate ly ,  th is  i s  very  much the  s i tuat ion that  the  space  research
and development community f inds i tself  in today.  Figure 2 is  a
simplified illustration of how the interaction of real-world de-
terminants,  through three l inked cycles of design,  perform -
ance,  and l i fe t ime raise  costs ,  and how this  in  turn creates
demands for  more cost ly  features .

The key to breaking the vicious cycle of space system acqui-
si t ion and gett ing more capable satel l i tes on orbit  rapidly and

Figure 2. Space System Cycles

Source:  E. Dionneand and C. Daehnick, “The Future Role of Space Experiments,” American Institute of
Aeronautics and Astronautics (AIAA) Paper 92-1697, presented at the AIAA Space Programs and Technolo-
gies Conference, Huntsville, Ala., 24–27 March 1992, 2.
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affordably l ies  in  understanding the nature  and causes  of  this
interaction.  Because different  types of space system architec-
tures  address  requirements  and take  advantage of  technology
di f fe rent ly ,  eva lua t ing  those  a rchi tec tura l  approaches  may
produce  some useful  ins ights .

How Do the Determinants  Affect  Architectures?

Summariz ing  the  de terminants  in  a  compact  form produces
table 15.  If  i t  were possible to represent  these determinants
a n d  t h e  e l e m e n t s  a n d  a t t r i b u t e s  o f  a  s p a c e  a r c h i t e c t u r e
mathematical ly ,  the  matr ix  in  table  13 or  14 could be cross
multiplied with table 15 to produce a complete description of
an  archi tec ture .4 1 Such precis ion is  unl ikely to  be useful ,
though, in dealing with quali t ies that  are difficult  to estimate
and that  often involve value judgments.  A more subjective and
qualitative approach is l ikely to be more useful. 4 2

Two quest ions need to be answered.  What affect  do the
determinants  have on specif ic  elements of  the architecture,
and how does one apply the determinants  to  the a t t r ibute-ele -
ment pairs of tables 13 or 14? To i l lustrate the process,  two
elements of  a space architecture are evaluated:  the constel la -
t ion and the launch vehicle .  As should be clear  f rom this  and
the following section, those elements provide a good repre-
senta t ion of  the  di f ferences  between command and demand
systems,  though a complete picture is  only possible if  the
other  e lements  are  incorporated.

Applying the Determinants

The first step is to take a simplified version of the matrix
used for tables 13 and 14 (reflecting only one element) and
add columns for  each of  the determinants .  Money f igures both
as an at t r ibute (cost)  and a determinant  (budget) .  This  is  be-
cause money is  both a characterist ic  of  design choices (better
parts  cost  more) and a sometimes (seemingly) arbitrary re-
str ict ion imposed for  nontechnical  reasons.  The matrix is  used
to record qualitative implications (derived from observation) of
each of  the  determinants  in  table  15 for  each at t r ibute  of  the
selected element.  A priority column reflects what was assigned
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in the previous section,  and gives an idea of how to weigh the
implicat ions when assembling an overal l  conclusion. 4 3 At this
level ,  of  course,  without  discussing a part icular  mission area,
specific requirements cannot be formulated.   For now, the dif-
ferences  be tween command and demand or ienta t ion  can  be
illustrated relatively.

Implications for a Command-Oriented Architecture

From the general  principles of  a  command-oriented sys -
tem—that efficiency or economy of force and therefore cen -
tral ization are most important—the implications or features of
the  archi tec ture  for  each e lement  can  be  surmised.  These  are
presented in tables 16 and 17 for the satell i te constellat ion
and the launch vehicle .  I t ’s  important  to  remember that  the
effects of various determinants are highly interactive through -
out  the  archi tecture .

A  f ew po in t s  abou t  t he  command-o r i en t ed  a r ch i t ec tu re
s t and  ou t .  F i r s t ,  t he  a r ch i t ec tu re  r e sponds  to  r ea l -wor ld  de-
terminants  by  bui ld ing  re la t ive ly  smal l  numbers  of  h ighly
capab l e  and  expens ive  sy s t ems .  The  space  a s se t s  a r e  r e-

Table 15

Space Architecture Determinants

Requirements Technology Budget

Global coverage DOD ability to drive technology In decline, especially for research,
development, and acquisition.

Early access Increased emphasis on dual use Need to reduce life cycle costs

Pop-up crises Microprocessor revolution Can market forces be tapped?

Flexible,
expandable
capabilities

Command, control, and communi-
cations improvements

Rapid throughput Miniaturization, structures,
material

Standardization and modularity,
flexible manufacturing
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placed in f requen t ly ,  and  these  fac to r s  l ead  to  smal l  numbers
of  launches  of  re la t ively  high-performance vehicles .4 4 I n  t h e
case  of  each e lement  shown here ,  the  need for  re l iabi l i ty  is
ensured  by  bu i ld ing  more  capabi l i ty  and  redundancy  in to
the  ha rdware  and  the  p rocedures ,  a  p rac t i ce  wh ich  ach ieves
the  goa l  bu t  a t  s ign i f ican t  cos t .4 5   In  tu rn ,  the  cos t  o f  keep ing
the system working s t rongly affects  the  abi l i ty  to  invest  in
r ad i ca l  changes  t o  ha rdware  o r  ope ra t ing  p rocedures ;  t he se
s imply  don’ t  have  the  pr ior i ty  to  ge t  funded.  The resul t  i s  a
relatively slow evolution of capabili ty,  l imited abili ty to ex-
p lo i t  commerc ia l  deve lopments ,  and  ever - increas ing  opera t-
ing costs .

Table 16

Constellation Implications, Command-Oriented Architecture

Priority Implications — Constellation

Constel. Requirements Technology Budget

Performance l Fewer, larger, more
capable satellites

Mission-specialized,
over-designed, long
lead times

Government the sole
customer

Responsiveness w Adapt/exploit existing
capability

Design to customer
spec, leads to “stove-
pipes”

Add as many
satellites as budget
allows

Flexibility w Add multiple functions Improve C3, distribu-
tion More satellites?

Robustness
l Emphasis on

individual satellite
survival

High mean time
between failure,
redundancy, best
available at tech
freeze

Hardening, counter-
ASAT (antisatellite)
accidents?

Logistics m
Preplanned launch of

spares/replacements Each satellite unique Limited incentive to
improve

Reliability l Likely to need all
satellites at all times

Redundancy on each
satellite, high
reliability parts

Plan for large ground
C2 network

Ease of
 operations

m Specialized operators
needed

Focus on ground
segment upgrades

Limited incentive to
try new methods

Environment m
Boost higher or

deorbit
Extra fuel No money for nuclear

Cost m
Emphasis on

capability,
regardless of price

Investment leading to
better mission
performance

Space segment a
large portion of life
cycle cost
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Implications for a Demand-Oriented Architecture

Demand orientat ion has responsiveness and f lexibi l i ty as i ts
overriding goals or principles. To this end, the performance of
any individual  piece of  the archi tecture is  less  important  than
overall capability, with implications as seen below.4 6

The asser t ion that  a  demand-or iented archi tecture  wil l  t rade
off some capabil i ty to save money may make some people
uncomfortable,  and sounds l ike the claims of  the mil i tary re-
formers of  the early 1980s that  our systems were too complex
and expensive to work well. 4 7 In fact ,  demand-oriented sys -
tems do not  t ry  to  push the  s ta te  of  the  ar t  in  technologies ,
but  they do try to take advantage of the most  recently avail -
able technology and to get i t  operational faster.  This sti l l  re-

Table 17

Launch Vehicle Implications, Command-Oriented Architecture

Priority Implications — Launch Vehicle

Vehicle Requirements Technology Budget

Performance
l Driven by large

satellite, orbit

Proven designs,
upgrades to
increase payload

Dual-use fine but
government
requirements
primary

Responsiveness m Months of notice
Build on launch pad

okay

Minimize
infrastructure
investment

Flexibility m
Vehicle tailored to

satellite
Limited use of stan-

dardization
Whatever is needed

to get the job done

Robustness m None built-in, need to
manage risk

Careful procedures,
reduce risk

Better to accept delay
cost than have one
fail

Logistics m Whatever is needed Proven techniques Limited incentive to
reduce

Reliability l
Single loss

catastrophic
Prefer proven

systems
Unlikely to invest in

new concepts

Ease of
 operations

m Large numbers,
contractors needed

Use specialized equip-
ment to meet
performance goal

Little incentive to
invest in
improvements

Environment m Performance still key Expendables, solid
boosters acceptable

Only highly toxic
additives
insupportable

Cost
w Need to buy small

numbers of
expensive vehicles

Refinements such as
payload increases,
but no radical
change

Focus on reducing
research, develop-
ment, and
acquisition cost
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sul ts  in  capable  systems using advanced technology,  but  does
not require deployment of a system to wait  for programmed
innovation (tables 18 and 19).

As with the constellation, the need for new investment in
launch vehicles appears to be a problem given the real-world
budget  determinants .  One could argue,  however ,  that  the  type
of investments needed by the mili tary closely parallels the type
of  investments  needed for  the  commercial  space launch mar -
ket  and for  emerging markets  such as  rapid surface- to-surface
cargo delivery.4 8 In  general ,  the demand-oriented system is
better positioned to exploit  technological advances as they oc -
cur  regardless  of  who has  sponsored them.

The type of changes called for—improved operability, re-
duced cos t -per-pound to  orbi t ,  and more  rapid  response—

Table 18

Constellation Implications, Demand-Oriented Architecture

Priority Implications — Constellation

Constel. Requirements Technology Budget

Performance
l Emphasis on

systemic versus
satellite measures

Distributed
architecture, use
most recent
technology

Because of the
requirement for
incorporation of
multiple new
technologies, need
more RD&A money;
this is somewhat
offset since many of
the technologies are
being pursued
commercially.

Responsiveness l
Right product

available quickly to
all users

Tailored systems,
rapid build and
launch

Flexibility l Adapt to changing
situation

Standardization,
modularity, C3, on-
board processing

Robustness l Proliferate, degrade
gracefully

Autonomy,
distribution, C3, on-
board processing

Logistics w
Augment and

replenish
Standardization, mod-

ularity

Reliability l
Backup/swing

capability vice
individual system

Redundancy, self-
healing
constellations

Ease of
 operations

w
More systems > need

for standardized
operations

Autonomy, C3, pro-
cessing, expert
systems

Environment m Boost or deorbit Extra fuel, short-life
orbits

No money for nuclear

Cost w
Trade off some

capability for
affordability

Technology investment requirements heavy,
but dual-use a possibility
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would benefi t  any architecture,  but  only the demand-oriented
archi tec ture  requi res  t h e m .  I n  t h e  c o m m a n d - o r i e n t e d  a p-
proach, there is l i t t le or no incentive to invest in the new kinds
of  capabi l i t ies  ment ioned above.  The type and number of
space systems being deployed,  the way in which the archi tec-
ture  responds  to  new requirements  or  unexpected events ,  and
the underlying philosophy of  what  is  important  al l  determine
the  k ind of  suppor t  inf ras t ructure ,  inc luding launch.

One other  point  bears  mentioning.  Smaller  payloads may be
compatible with reduced cost-per-pound to orbit .  This goes
against  conventional wisdom, since in any aerospace vehicle
the  grea ter  the  payload ,  the  more  the  cos ts  can  be  spread  out .
However,  just  as air l ines do not operate 747s on every passen -
ger route,  there is  a l imit  to economies of scale through size.

Table 19

Launch Vehicle Implications, Demand-Oriented Architecture

Priority Implications — Launch Vehicle

Vehicle Requirements Technology Budget

Performance w Less payload needed Aid rapid access to
space

Need for investment
in operability of
launch systems;
requires a shift to a
new kind of vehicle
while keeping
existing capabilities
working through a
transition

Responsiveness l Launch on demand
hours/days Aircraft-like operations

Flexibility l Surge capability Standard interfaces,
reusable vehicles

Robustness l
Multiple vehicles/

launch sites
Ability to operate

from multiple sites 

Logistics l Minimize Reduce special
handling equipment

Reduce expenditures

Reliability w
A figure of merit, not

a hard fast
requirement

Only what is
consistent with
safety

Gradual approach;
improve with
practice

Ease of
 operations

l No need for
contractor support

Ability to operate with
reduced support 

Build on aircraft
experience?

Environment w
More launches imply

need to reduce
impact

Reduce noise, toxins,
waste

Avoid cleanup, legal
restrictions

Cost l
Bring down cost per

pound to orbit
drastically

Reusable vehicles,
smaller payloads

Focus on reducing
operations costs
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First ,  the vehicle must  be purchased and large systems wil l
cos t  more .  This  drawback i s  compounded by the  need to
spread larger development costs over a (generally) smaller pro -
duction run. In operations,  if  an airl ine cannot fi l l  the large
vehicle, it will not get all of the benefit of that vehicle’s lower
operating costs per pound of payload.  Finally,  in the case of
space-lift  systems, range (which tends to favor large air  vehi-
cles) is not a factor since almost all of a launch vehicle’s
energy is used to raise i ts  speed. The benefits of large struc-
tures ( l ike wings)  are reduced because there is  no cruise re-
gime,  and the  penal t ies  are  increased (a l l  the  mass  minus fuel
must be accelerated to the final velocity).  Although the trade-
offs are complicated, the implication is that designing to a
specific payload size is a poor way to build a space-lift  sys -
t e m .4 9 Maximizing operability and minimizing life-cycle cost is
better.  If  access is cheap enough, payloads will  be redesigned
to fit.5 0

Narrowing the Focus

The above examples are somewhat general  and certainly not
as  r igorous as  possible ,  and improving them requires  addi-
t ional detail .  I t  may be possible to compare the performance of
space archi tectures  in  detai l  across  al l  mission areas at  once,
but  tha t  i s  beyond the  scope of  th is  s tudy.  Compar ing the
advantages  and d isadvantages  of  command versus  demand
systems for  a  s ingle mission area should i l lustrate  the process
and provide some additional insights for the big picture.

Architectural  Comparison for the Theater
Reconnaissance,  Survei l lance ,
and Target Acquisition Mission

As presented to this  point ,  the framework for  architectural
compar i son  does  no t  say  much  about  when  command-  o r
demand-oriented archi tectures  are  preferable.  Adding a spe-
cific mission focus is  the next step.

This section describes the general  outl ines of theater RSTA
requirements,  shows how these affect  (or are affected by) the
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other  determinants  of  technology and budget ,  and appl ies
them to  the  e lements  and a t t r ibutes  of  the  compet ing space
archi tec tures .  This  i l lus t ra tes  the  method and produces  some
useful  insights  about  archi tectural  choices.

Why Examine Theater RSTA?

RSTA is  an expansion of  the tradit ional  reconnaissance and
survei l lance missions.5 1 Theater RSTA is an essential  part  of
space support  to  the  war  f ighter  s ince i t  supports  the  theater
CINC or his forces.5 2 Al though the emphasis  on theater- level
operat ions may change,  current ly i t  serves as  the basis  for
most  force planning and s t ra tegy discussions .5 3

Theater RSTA is a good example, despite limitations on un-
classified discussion, because it provides the full range of design
responses—upgrades, diversions to different platforms, or archi-
tectural change—to shortcomings identified from operational ex-
perience.5 4 Further, it  combines the significant issues relating to
space architectures with a mission important enough to high -
light the consequences of making poor space choices.

RSTA Mission Description

The theater RSTA mission involves providing the United
States and the theater CINC awareness,  f lexibil i ty,  and infor -
mation needed to respond to actual  or  potential  cr ises.  This
abil i ty must be available throughout al l  phases of an evolving
si tuat ion,  from precris is  indicat ions and warning through hos -
tilities to postconflict monitoring. Theater RSTA includes a
wide variety of specific tasks determined by the forces involved
and the  informat ion they require ,  and these  tasks  are  not
solely mili tary,  especially in those phases of the si tuation that
do not involve armed conflict .  Table 20 summarizes these is -
sues conceptual ly as  a  prerequisi te  to  determining mission
requi rements .

Table 20 focuses on the specific contributions RSTA can
make to the theater mission.  RSTA provides information in a
way that  accommodates  each phase  of  the  cr is is  and adapts  to
potent ia l  enemy act ion.  This  adapta t ion can resul t  in  such
tasks  as  augmenta t ion and reconst i tu t ion.  The table  does  not
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extend to  such der ived capabi l i t ies  as  deterrence based on the
enemy’s  knowing that  his  adversary is  watching and can re-
act .  Nor should the table imply that  only space forces can
perform the theater RSTA mission. A space system that per -
forms or  supports  this  mission wil l  have the elements  of  the
archi tecture  a l ready presented,  though many of  those  e le -
ments  wil l  support  other  missions as  well .

Questions for Architectural Comparison

Each par t  of  the RSTA mission raises  quest ions about  the
type of  archi tecture needed.  In the past ,  the desire  of  the
United States  to  monitor  and ant ic ipate  cr ises  in  “important”

Table 20

Theater RSTA Description

Phase Function Meaning/Tasks

Precrisis Monitoring Global basic awareness (framework system)

Emerging
 crisis Access

Quick reaction augmentation for theater of interest
 - improved synoptic coverage
 - gather additional detail; intelligence preparation
  of the battlefield - limited war-fighting capability
  if needed

War Exploit the “high
ground”

Theater-level situational awareness
Timely location of enemy forces, description of their
 activity
Reduce effectiveness of camouflage, concealment,
 and deception
Detect and characterize “indicators,” aid in identifying
 centers of gravity
 Find specific targets; report information to “shooters”
 “in time”
Augmentation as appropriate
Replenishment and/or reconstitution as needed

Postcrisis

Drawdown
redeploy, but
maintain
awareness

Monitoring as necessary
 - unobtrusive; noninvasive if appropriate
Deactivation/redeployment when no longer needed
 - or replenishment and augmentation for continuing
    mission

Source: Air Force Space Command, “Space Primer,” preliminary draft, February 1995, and personal experi -
ence in discussing the requirements for future RSTA systems with personnel at Air Force Space Command
and Air Combat Command in 1992–1993.
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parts  of  the world,  coupled with f iscal  constraints ,  has  meant
tha t  some thea ters  were  much bet te r  covered  than  o thers .

Keeping in mind the generic requirements of  the previous
sect ion,  space planners  must  ask i f  the nat ional  securi ty  envi -
ronment of  the future wil l  permit  the United States to main -
tain the disparity between theaters,  or if  something like global
s i tuat ional  awareness  or  global  presence is  needed.5 5 If the
United States  needs expanded capabil i ty,  how can our RSTA
forces achieve it ,  and what can we afford? Likewise, should
the United States continue to place most  space RSTA invest -
ment in systems that provide highly detailed coverage of rela -
tively small areas of interest? 5 6 At the same t ime,  as precision
weapons delivery capabili t ies improve and the national leader -
ship’s and American public’s desire for economy of force and
lack of  col lateral  damage demands ever  more accurate  target
information,  do RSTA systems not also need to provide more
highly detailed information of more types than ever before?
The goal  of  architectural  comparison is  to i l lustrate the trade-
offs  involved and suggest  answers to these quest ions.

RSTA Mission Requirements

Table 20 shows a  need for  a  t ime-phased mix of  presence,
persis tence,  and access to respond to an emerging geopoli t ical
crisis.  By their  nature,  space systems will  usually be first  “on
the scene” and will provide the initial RSTA functions. De-
pending on the s i tuat ion,  US object ives,  and the means avai l -
able,  addit ional  capabil i t ies  to augment the RSTA architecture
in the theater of interest  could be deployed. 5 7

A natural example of a RSTA mission is the detection, loca -
t ion ,  t r ack ing ,  and  t a rge t ing  o f  thea te r  ba l l i s t i c  mis s i l e
launchers . 5 8 Briefly, RSTA assets must be able to aid intelli -
gence preparation of the battlefield by gathering information
on bases,  operat ing areas,  order  of  bat t le ,  and so forth prior  to
any host i l i t ies ,  keep this  information updated as  the cr is is
evolves,  and determine the locat ion of  as  many launchers  as
possible at all  t imes and provide sufficient information for
targeting. Once hosti l i t ies have begun, RSTA systems will
need to  locate  as  many miss i les  and launchers  as  poss ible
before they can do any damage to fr iendly forces,  keep track of
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the missi les’  movements,  and provide t imely targeting updates
to weapons platforms. Qualitatively, an RSTA architecture will
have to include the features l is ted in table 21.

These requirements  present  three  chal lenges  to  a  theater
RSTA architecture.  The f i rs t  concerns sensors .  Some of  the
requirements are impossible for a single sensor to satisfy si-
multaneously,  for example,  the need for both wide area cover -
age and high-resolut ion information.5 9 It  is also impractical to
put  sensors  tha t  cover  a l l  the  re levant  spect ra—spanning a t
least  radar to infrared wavelengths—on a single platform.6 0 It
may be impract ical ,  depending on cost  and employment con -
straints ,  to  deploy some of  the sensor types ideal ly used in a
given si tuat ion.

The second chal lenge is  that  the type,  quanti ty,  and t imeli -
ness of RSTA information needs vary considerably among cus-
tomers .  Aircrews planning missions wil l  need the most  current
threat  information for  ingress ,  egress ,  and the target  area;
detai ls  on aim points ;  and suff ic ient information to acquire the

Table 21

Theater RSTA Qualitative Requirements

Quality Requirements

Access All parts of the theater, unrestricted by enemy defenses

Coverage Wide area synoptic plus ability to focus on specific areas

Revisit time Allowable gaps in coverage will depend on target; days for fixed sites
with little activity, hours or minutes for mobile forces

Spectra Sufficient to penetrate weather, camouflage, and foliage, and to aid in
target discrimination and identification

Resolution Consistent with requirements for target identification and status
determination

Geolocation Sufficient to cue other sensors, provide adequate target data to
weapons

Information
 dissemination

Ability to provide enough information of the right kind to all customers in
a timely manner as often as necessary
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target  wi th  onboard sensors  and place a  weapon “in  the  bas -
ket .” Campaign planners wil l  need detai led information on
part icular  targets :  hardness ,  extent ,  d ispersal ,  o ther  physical
character is t ics ,  and the targets’  use and interact ion with other
aspects  of  the  enemy sys tem.  In  genera l ,  p lanners  need any
information that  wil l  help determine the importance of a target
to the enemy’s war effort ,  achieve our campaign objectives,
and assess the target’s  vulnerabi l i ty  to at tack.  Assembling
enough information and performing this kind of analysis will
take t ime so planners  can usual ly  l ive with somewhat  less
reporting timeliness.

In assessing effects,  t iming, t imeliness,  and detail  are all
impor tant . 6 1 Senior military leaders will want a broad overview
of events in the theater so that  they can try to judge if  events
are unfolding according to plan.  Although to some extent  this
overview can be synthesized from detailed information,  that
approach r isks missing the forest  for  the trees.  Policy makers
may want to use RSTA to look for indicators of enemy inten -
t ions;  thus,  they may need to examine in detai l  areas of l i t t le
use to other RSTA customers.  Finally,  events may force a
diversion of RSTA to address a task because of its political or
strategic,  as opposed to operat ional ,  import . 6 2 All of these de-
mands for  information wil l  have to  be accommodated by an
RSTA system.

The third challenge is an outgrowth of the first  two. Given
the competing and sometimes confl ict ing demands for  infor -
mat ion,  how does  the  archi tec ture  respond? Has  the  archi tec-
ture  been set  up to  accommodate  a l l  users?  How can capabi l i -
t i e s  b e  a u g m e n t e d ?  C a n  n a t i o n a l - l e v e l  c a p a b i l i t i e s  b e
dedica ted  to  a  thea te r ,  and  under  what  c i rcumstances  might
they be recalled? Who “owns” theater RSTA assets? How can
they be used most efficiently and effectively? Although the
theater war fighter is intended to be the focus of theater RSTA,
can the involvement of national-level agencies be avoided?
These quest ions address the issue of  who sets  priori t ies  for
use of  l imited assets  and on what  they base those decis ions.
In  es tabl ishing an archi tec ture ,  how many requirements  can
be ant icipated,  and who is  best  a t  determining these—a cen -
tral  operator  or  the customer?
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Space systems wil l  make a  contr ibut ion to  meet ing the thea -
ter RSTA requirements.  How they do this,  what kind of capa -
bili t ies they will  have, and what other issues they raise will
depend on the choice of  archi tecture.

The Command-Oriented Approach to RSTA

The premise of  a  command-oriented space archi tecture  is
that the national-level capabilities will provide the first reliable
indications of a crisis.  These capabilit ies will  then be appor -
t ioned to  some extent  to  support  the  theater ,  but  the  need to
monitor other si tuations around the world will  force compro -
mises . 6 3   Whatever support can be made available will  be allo -
cated by a central  authori ty from a f ixed pool of  assets ,  and as
a rule ,  there would be no augmentat ion of  space capabil i t ies
that  hadn’t  long since been planned.  If  one were to design a
space archi tecture  to  support  theater  RSTA requirements  us-
i ng  t h i s  app roach ,  t he  gene ra l  ou t l i ne s  wou ld  appea r  a s
shown in  table  22.

Table 22

Command-Oriented Architecture
for RSTA Requirements

Implications of RSTA Requirements

Space Segment Ground Segment Launch Segment

Performance
Emphasis on strategic

needs, tactical met as
collaterial function

High throughput;
centralized tasking

Ensure that standing
capabilities are kept on
orbit; replenishments
launched on schedules
determined years in
advance

Responsiveness Change orbits Provide central direction
to shift assets

Flexibility
A byproduct of built-in

overcapacity
Ability to produce multiple

products centrally; deploy
some functions forward

Robustness Defend, harden Defend, distribute Keep CONUS sites
 operational

Logistics
Prepare to augment for a

long conflict
Deploy comm links,

specialized ground
stations

Prepare to augment for a
 long conflict

Reliability Essential Have skilled technicians
to fix on-orbit problems

Near 100% necessary

Ease of
 operations Secondary to reliability Deploy specialists

Secondary to reliability
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Table 22 is divided by segment for simplicity and to give an
overall view of the architecture. In general, the effects of apply-
ing the requirements  of  a  specif ic  mission are  apparent  a t  this
level, though to see the effect on specific design choices would
requi re  a  fur ther  breakout .

Technology and budget  determinants ,  as  i l lus t ra ted  pre-
viously,  are to a large extent already included in the above
table.  Some of their  key impacts on the command-oriented
theater RSTA space architecture are reliance on a relatively
small  number  of  large satel l i tes ,  emphasis  on ground-based
versus  onboard processing of  informat ion,  and the  channel ing
of information through central  locations.

The command-or iented archi tecture  leans toward central i -
zat ion for  doctr inal  and physical  reasons.  Small  numbers of
satell i tes mean there is  l i t t le  or no slack in the system to
respond to  a  surge in  demand,  so a  central  c lear inghouse for
tasking is  established.  This  central  authori ty is  distant  from
the theater ,  both physical ly and in terms of  organizat ional
hurdles ,  s ince i t  spends most  of  i ts  t ime responding to  na-
tional-level requests for information.

Central ization also results  from the hardware design.  Devel-
opment and production of  large and complex satel l i tes  takes
years ,  and designers  of ten cannot  ant ic ipate  changes in  tech -
nology with any certainty. 6 4 Coupled with a lack of  s tandard
interfaces and operat ing systems on satel l i tes ,  this  makes i t
extremely difficult to insert the latest capabilities.  The result is
that  the processing electronics on a spacecraft  wil l  be several
generat ions  behind what  can be  put  in  a  ground s ta t ion;  con -
sequently,  designers  tend to put  minimal  processing capabil i ty
into the satellite. 6 5 This  resul ts  in  high data  ra te  downlink
r e q u i r e m e n t s  a n d ,  i n  t u r n ,  m e a n s  t h a t  a  g r o u n d  s t a t i o n
equipped to receive and process the signals must have signifi -
cant  hardware capabil i ty (often peculiar  to the system) and
highly trained personnel.  Neither of which is  conducive to easy
and rapid  deployment  to  the  theater .

The type of information disseminated is also affected by
both doctr inal  and budget  concerns .  Because the  sate l l i te  pro -
vides data  in  only one form, the ground s tat ion must  convert
it  into something useful. Again, because of the high level of
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skil l  required to do this (and potential ly because the product
is  subject  to  interpretat ion) ,  the command-oriented system
favors central izing production and working to assemble the
kind of  product  each user  needs .  The disadvantage is  that  th is
takes t ime, especially when data is  coming in quickly and
there  are  many reques ts  for  products .  Fur ther ,  i t  requires  tha t
the  end users  unders tand the  system’s  capabi l i t ies  and l imita -
t ions  to  ask for  the  r ight  product ;  th is  of ten means adapt ing
the theater’s  operat ing methods to f i t  the needs of  what  is
supposed to  be  a  suppor t ing funct ion.

Observat ions  on the Command-Oriented
Approach to RSTA

Command-oriented space RSTA systems will be best suited
for detect ing and responding to the concerns of  their  primary
customers—national-level authorit ies.  These systems are ca -
pable of  producing highly detai led and customized products ,
and cent ra l ized  cont ro l  should  ensure  tha t  the  space  sys tems
on orbit  are used efficiently but not over tasked. A command-
oriented architecture,  because i t  is  intended to have vir tually
its full  capabili ty on orbit  at  all  t imes, may provide the maxi-
mum available global  coverage and si tuat ional  awareness.

A command-or ien ted  a rch i tec ture ,  u n l e s s  i t  i s  u n c o n -
strained by funding,  wil l  respond poorly to  surges in  demand,
especial ly i f  those surges occur in parts  of  the world that  do
not have optimum coverage or cal l  for  sensors that  are not
deployed. In other words,  the effectiveness of a command-ori-
ented system depends on i ts  designers’  abil i ty to anticipate
specific requirements.  Command-oriented systems will  suffer
from untimely information distr ibution,  again especial ly at
t imes  o f  inc reased  demand ,  and  probab ly  wi l l  use  s tand-
ardized products  and request  formats .  These character is t ics
will  result  in a lack of flexibil i ty and produce frustration
among the  cus tomers .

Because the same systems serve al l  users ,  the  capabi l i t ies
of  the  systems are  determined by the most  press ing nat ional
needs.  Since there are only a  few avai lable assets ,  the prod-
ucts of a command-oriented space RSTA architecture will  have
to be carefully protected.  Securi ty is  necessary to ensure that
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enemies ,  inc luding  those  not  engaged wi th  us  a t  the  moment ,
do  not  learn  so  much about  our  capabi l i t ies  tha t  they  can
develop effective countermeasures.  Unfortunately,  these secu -
rity requirements will  restrict access to the information. Allies
and even many of  our  own troops may not  have suff ic ient
“need to know” to get access to the best information available.

Final ly,  a  command-oriented architecture gives the theater
CINC litt le,  if  any, control over space assets.  This does reduce
the decision-making burden on the CINC’s staff ,  but  i t  also
leaves open the possibil i ty that  support  from the space sys -
tems wil l  not  be provided when needed most .6 6

Two further  observat ions are necessary.  The character is t ics
of  a  command-oriented theater  RSTA space archi tecture  as
described above are nearly identical  to the characterist ics of
our current  space RSTA systems.  One example is  in the area
of flexibility. The Defense Support Program (DSP) early warn -
ing satel l i te ,  a l though not  intended to support  theater  war
fighting, took advantage of certain built-in capabilities in ex -
cess of what was needed for i ts  strategic warning mission to
cue other  sensors  and weapons  in  a  l imi ted  way dur ing the
Gulf War.  I t’s also apparent that the disadvantages of a com -
mand-oriented space archi tecture are very close to the com -
monly perceived disadvantages of  space systems in general ,  as
discussed previously.  A comparison with a demand-oriented
approach should help  answer  the  quest ion i f  these  are  in  fact
gener ic  to  space  sys tems.

Responses  to  the  Command-Oriented
Approach to RSTA Shortfalls

There are three ways of responding to a shortfall  in capabil -
i ty—by improving or upgrading existing assets,  by diverting
missions al located to one type of system to another one,  or  by
using the same types  of  systems in  a  dif ferent  archi tectural
framework.  All  three have merits ,  and the f irst  two are being
vigorously pursued to enhance our theater  RSTA capabil i -
ties. 6 7 Architectural  change,  which has received less at tention,
may offer the greatest long-term payoff in providing better
space RSTA.
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Upgrades or  improvements to the current  US RSTA archi-
tecture involve speeding up processing t imes,  making more
information on system capabili t ies and limitations available to
users in the field, pushing more information to the field (in -
cluding changing rules  on classif icat ion) ,  producing bet ter
data fusion,  working to el iminate system-specif ic  equipment
and to  provide  common terminals  and ground s ta t ions ,  and
reducing  the  number  of  bar r ie rs  be tween thea ter  users  and
those  who  ac tua l ly  con t ro l  the  sys tems .6 8 Fundamenta l ly ,
though,  the  archi tec ture  remains  the  same.  Assets  are  s t i l l
central ly controlled,  and the improvements are a matter  of
degree,  not a matter of kind.

For  example ,  the  cus tom product  ne twork  a l lows users  a t
forward locat ions to  create  such custom imagery products  as
mosaics of  pictures. 6 9 This  provides the users  the addi t ional
flexibility of enhancing their intelligence preparation of the
bat t lef ie ld,  but  these mosaics  are  l imited to  mater ial  that  has
been archived or is  being sent  forward. 7 0 Users  mus t  a l so
consider whether a mosaic picture of the batt lefield with each
piece possibly taken at a different t ime or by different sensors
is sufficiently accurate for their  purposes.  For some applica -
t ions ,  th is  mosaic  may be  accurate  enough,  but  not  for  o thers .
In other words,  while a step forward, this solution is  only a
par t ia l  answer .

Another category of solutions is diversion. In the case of
theater  RSTA, this  means using airborne sensors  to  cover  the
gaps that perhaps are too difficult  for space sensors to fi l l .
Airborne sensors also offer such advantages as the abil i ty to
loiter over a particular area for hours or even longer.  By em -
ploying unmanned vehicles,  reducing payload (and hence ve -
hicle) sizes,  and employing low observable features,  such plat-
forms can provide coverage over otherwise denied areas,  thus
incorporat ing some of  the advantages of  space systems. 7 1

Aerial vehicles also have drawbacks. They require fairly regu -
lar launch and recovery operations, and because they are lim -
ited to atmospheric speeds, they will have to be based in theater
or fairly close to avoid lengthy transits and the sacrifice of loiter
time. These considerations mean aerial vehicles will have a con -
siderable logistics tail, much of which will have  to be deployed
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in the theater .  Not only does this  add to the number of things
that are high priority for immediate delivery, but i t  could com -
plicate the basing and scheduling of other aircraft .  Finally,
there is the overflight issue. Even though the probabili ty of
detection may be low, a political decision is necessary before
taking the risk of overflying sensitive territory.

Aerial vehicles offer tremendous possibilities. In some cases,
they may be the only way to get  close enough to a  target  to
obtain the r ight  kind and quali ty of  information.7 2 The  bes t
solution to the theater RSTA problem will  undoubtedly incor -
porate aerial  vehicles,  but  should they necessari ly address al l
the  disadvantages  of  a  command-or iented sys tem?

Before  d iscuss ing  the  demand-or ien ted  archi tec tura l  ap-
proach to theater  RSTA, there is  one other avenue to improve
today’s capabili t ies that should be recognized. This might be
called a hybrid of diversion and architectural  change,  since i t
involves using systems that  are not  under direct  mil i tary con -
trol  to augment mil i tary capabil i t ies .  For example,  the French
Systeme Probatoire pour l’Observation de la Terre  (SPOT) imag-
ing satellite and the LANDSAT multispectral sensing satellite
provide useful  products which have been incorporated into
databases  in  the  pas t .  One  might  a rgue  tha t  in  the  fu ture ,  as
the market  for  ear th observat ion products  grows,  the theater
CINC could have a variety of commercial sources from which
to obtain information.7 3 This  idea also has meri t ,  but  with
several  caveats.  First ,  depending on the poli t ical  s i tuation,  the
availabil i ty of those products to us,  our al l ies,  and our adver -
sary is  quest ionable. 7 4 Second, the t imeliness of the informa-
tion is far from ideal.7 5 Third ,  the  data  may arr ive  in  a  format
incompatible with the rest  of  the theater  RSTA architecture,
requiring addit ional processing and further delays.  All  of these
concerns  ind ica te  tha t  a l though  commerc ia l  augmenta t ion
may be a valuable addition to RSTA capabili t ies,  i t  may not be
one to rely on in a time of crisis.

The Demand-Oriented Approach to RSTA

The main premise  of  a  demand-or iented archi tec ture  i s  that
those individuals  responsible for  the theater ,  a ided by nat ional
capabili t ies,  will  have the first  indications of a crisis and be
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able to identify additional RSTA needs. A truly demand-ori-
ented system wil l  respond by surging and augmenting capa -
bili ty,  including deploying additional space assets tailored to
the s i tuat ion in terms of  orbi t  and mission payload.7 6   Table 23
summar izes  the  demand a rch i tec ture .

In  an extreme form,  a  demand-oriented archi tecture  would
have a minimum essential  capabili ty in place for worldwide
strategic monitoring. On identification of a crisis,  the theater
CINC would activate a plan to augment space RSTA capabili -
t ies .  These augmenting assets  would be tai lored to the thea -
ter’s needs and would be tasked directly by theater forces.

Because these RSTA capabi l i t ies  would not  be at  the na-
t ional  level ,  the securi ty requirements would be less s tr ingent
and the information dis t r ibut ion broader .  The space systems
themselves would primarily be small ,  relatively short-l ived
systems so i t  would nei ther  be a  major  commitment  of  re-
sources to deploy them nor a significant setback if  one failed
to work. This implies an extremely responsive space-lift  capa -

Table 23

Demand-Oriented Architecture
for RSTA Requirements

Implications of RSTA Requirements

Space Segment Ground Segment Launch Segment

Performance Emphasis on operational-
level needs

Information on demand
to any user

Ability to surge number of
launches

Responsiveness Additional capability
available in days

Tasking at low
operational level 

Orbit satellites within
hours of need

Flexibility Add new satellite types;
autonomous platforms

Interoperable with all
RSTA assets

Deploy different satellites
to different orbits

Robustness Proliferation; replace and
reconstitute as needed Proliferation of equipment

Operate from multiple
sites

Logistics Reduce number of
unique parts

Minimize unique
equipment

Reusable (or cheap
expendable) vehicles

Reliability High for functions; lower
for individual satellites

On par with other
computers/electronics

High for function, not
individual vehicle

Ease of
 operations

Access and control easy
for users

Standardized equip and
procedures

Rapid turn times
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bili ty,  one that can surge to place potentially dozens of satel-
l i tes  in  orbi t  over  a  few days ,  and then sus ta in  a  launch ra te
to augment or replace satell i tes as needed. For crises of indefi -
ni te  durat ion or  for  a  world in  which the need to  augment
capabi l i t ies  occurs  on a  regular  basis ,  a  reusable  launch sys -
tem that provides access often and inexpensively offers clear
advantages  over  an  expendable  sys tem.

Observations on the Demand-Oriented Approach to RSTA

A demand-oriented archi tecture  offers clear advantages to
the theater  CINC in terms of  responsiveness to tasking and
the abili ty to tailor the coverage to the situation. Because of
the proliferation of satellites, it offers the ability to get close to
cont inuous observat ion of  the theater  f rom space.  In  a  future
s i tuat ion in  which an enemy could threaten some or  a l l  as -
pec t s  o f  ou r  space  a rch i t ec tu re ,  t he  demand-or i en ted  ap-
proach is  c lear ly  more  robust  than a  command-or iented one.
I t  presents  the enemy with a  prol i ferated and dis tr ibuted tar -
get  se t  both  in  space and on ear th .  Each of  the  targets  i s
relatively small  and insignificant in i tself ,  and there are no
cri t ical  nodes that  wil l  cause the whole system to cease func-
tioning. Because of proliferation,  the architecture is  also less
vulnerable  to  accident  or  natural  disaster .

On the  o ther  hand,  the  d is t r ibuted  archi tec ture  will have a
less  capable ini t ial  configurat ion than the command-oriented
system, and augmenting i t  wil l  take a f ini te amount of t ime.7 7

Also,  because of the smaller  size of the spacecraft ,  there are
missions they will  not perform as well  as the satell i tes of a
command-oriented archi tecture .  Perhaps most  cr i t ical ly ,  the
demand-oriented archi tecture requires  a  satel l i te  bui lding and
launching capabi l i ty  that  the  Uni ted States  does  not  current ly
possess ,  but  which is  a t ta inable . 7 8

Assembling a Workable Theater RSTA Architecture

Satisfying theater RSTA requirements takes more capabil i ty
than any one c lass  of  solut ion can br ing to  the  table .  The
above  d iscuss ion  expla ins  how the  cur rent ,  command-or i -
ented  US space  archi tec ture  cannot  meet  a l l  the  requi rements .
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I t  a lso  shows that  each of  the  potent ia l  enhancements  to  tha t
system has drawbacks,  making i t  unl ikely to  solve the prob-
lems alone.  Because the eventual  solution will  take the form of
a hybrid archi tecture,  there wil l  be many chal lenges to ensur-
ing the entire network of systems is  interoperable in terms of
communicat ions,  ground s ta t ions,  databases ,  geographic  co -
ordinate references,  and so forth.  There are numerous init ia -
t ives  under  way to  make the best  use  of  the  United States
considerable  assets .

The class of solution that  has received the least  at tention to
date  is  the  potent ia l  to  bui ld  a  space archi tecture  that  both
takes advantage of  the unique character is t ics  of  space and
provides  the theater  user  the control  and responsiveness  he or
she needs—in other  words ,  a  demand-or iented archi tecture .
This type of solution offers considerable potential,  but will
require work in both technological  and doctr inal  areas.  By
helping to identify the key issues,  a framework for architec-
tu ra l  compar i son  may advance  the  process .

Utility of A Framework
for Comparing Architectures

Previous sections have buil t  and elaborated on a framework
for  descr ibing and comparing space archi tectures .  This  sec-
t ion  answers  some of  the  ques t ions  ra ised  in  the  process  and
consolidates observat ions in four areas.  First ,  the dist inguish-
ing  charac ter i s t ics  of  the  command-  and demand-or iented  ap-
proaches are  reviewed.  Second,  these character is t ics  are  used
to define which perceived disadvantages of  space are inherent
and which are a result  of  design choices.  Third,  the key efforts
needed to overcome those design disadvantages are identif ied,
and f inal ly ,  the contr ibut ion that  having a  framework makes
to  th is  process  is  d iscussed.

Dist inct ions  between Command- and
Demand-Oriented Architectures

Command-  and demand-or iented  archi tec tures  can  be  d is -
t inguished by physical ,  temporal ,  and philosophical  differ -
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ences.  The physical  ones are the most obvious—satell i te size
and number  and launch vehic le  s ize  and type .  Command-or i -
ented archi tectures  will have fewer, larger, and more complex
space systems. Those systems will  individually be more capa -
ble than those of a demand-oriented system. Space l if t  will  be
an infrequent  act ivi ty  that  is  scheduled far  in  advance and
optimized to l if t  the maximum weight into orbit  per launch. In
demand-or ien ted  sys tems, satelli tes might be built  to perform
a specific mission and would be more likely to use off-the-
shelf  components  than custom-designed ones .  Al though less
complex overall ,  demand-oriented satell i tes will  be “smarter.”
More of  the navigat ion,  system management ,  communicat ion,
and information processing capabil i t ies will  be on orbit  than
in a  command-oriented archi tecture.  Information from a satel-
lite is more likely to be broadcast or directly downlinked to
end  users  than  in  the  command-or ien ted  sys tem.

The temporal differences are of two types. First,  systems for
the  command-or iented archi tec ture  will  take longer to design,
build, and deploy. Technology will be inserted more slowly
than in  a  demand-oriented system,  and sate l l i tes  wil l  be  de-
signed to last  longer.  Demand-oriented satel l i tes  could  be
buil t  on short  notice and for relat ively short  (months instead
of years) duration missions. The second type of difference is in
the response of  the system to new si tuat ions.  A demand-ori-
ented architecture can be reconfigured rapidly and is  designed
from the beginning to provide the fastest  possible response to
i ts  users .  The command-oriented archi tecture changes s lowly,
i f  a t  a l l ,  in  response to  changing s i tuat ions on the ground,  and
tends to sacrifice timeliness of information for precision.

Underlying the physical  and temporal  difference are the
philosophical  or  doctr inal  ones.  In a command-oriented sys -
tem, efficiency and economy of force are the driving principles,
which lead to central izat ion both of  command and control  and
of information distr ibution.  In a  command-oriented architec-
ture ,  the  des igners  assume tha t  a  cent ra l  au thor i ty  not  only
has  the  greates t  abi l i ty  to  control  tasking and dis t r ibut ion but
is  also best  postured to decide upon priori t ies .  In contrast ,  a
demand-oriented archi tecture  is  bui l t  around the pr inciples  of
f lexibi l i ty  and responsiveness ,  under  the  assumption that  the
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end users  of  a  system’s product  are  best  able  to  determine
priori t ies  and control  tasking.  Both control  and dissemination
of information (or execution) are distr ibuted and decentralized,
leading to  a  more robust  but  somewhat  anarchical  and ineff i -
c ient  sys tem.

Command-oriented architectures  are inherently better suited
to missions having long-term and reasonably predictable re-
quirements.  Demand-oriented architectures in contrast are best
suited to those missions that are unpredictable, may involve
sudden changes in the capabilities needed, and could conceiv -
ably be of short duration. A command-oriented architecture em -
phasizes efficiency by making best use of assets in place, but
this requires excellent long-range planning. A demand-oriented
architecture relies on the ability to react and adapt quickly to
new situations, even if this means accepting less than optimum
use of assets. Paradoxically, for unpredictable situations, the
demand-oriented architecture may be the most efficient one. By
allowing rapid changes in capability, it prevents the architecture
from having to be overdesigned initially and, by providing a more
rapid and tailored response, it may preempt the need for a larger
or longer term commitment.

The Inherent Disadvantages of  Space

Here is a recap of the list  of perceived space disadvantages
from table 9.

• Dis tance
• Predictability of movement (to the enemy)
• Poor continui ty,  meaning

— lack of dwell time (a low-earth-orbiting satellite has a
point  on the ground in view for  only about  10 minutes
out of every orbit)

— gaps in revisit time (the ability to have a specific mis -
sion capability over a specific point on the earth with
sufficient frequency)

• Poor responsiveness

— (strategic) to crises the systems were not designed for
— (operational)  to theater requirements
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• Inflexibility for retasking

• Unsatisfactory t imeliness/distr ibution of information
• Vulnerabil i ty  to at tack or  natural  disaster

• Need to  operate  in  a  harsh environment

• Cost

A r e  t h e r e  a n y  l e s s o n s  f r o m  t h e  f o r e g o i n g  a r c h i t e c t u r a l
compar isons  concern ing  which  of  these  d isadvantages  a re
inherent  and which are  des ign dependent?

Distance is an intrinsic disadvantage. There are some mis -
sions where proximity is needed, and to be in space a platform
must be in a sustainable orbit ,  generally accepted as at least 93
miles above the surface of the earth.7 9 As a result ,  these are the
closest  approaches a space system can make.8 0 Other practical
concerns may push this minimum higher,  but to keep things in
perspective, our airborne systems will sometimes have to oper -
ate at similar ranges from the target to see deep with reasonable
security and have to look through more air in the process.8 1 The
other aspect of this drawback is that this distance is vertical.
Considering the high speeds needed to achieve orbit, a large
increase in kinetic and potential energy is needed to enter space
from earth. As a result we have not yet been able to deploy space
systems routinely and inexpensively.

Predictabil i ty is  also inherent in orbital  systems, but with
significant caveats.  First ,  orbital  mechanics is  not determinis -
tic; knowing a satellite’s location precisely requires frequent
observat ions.  Unless  the satel l i te  is  in  a  synchronous orbi t ,
orbi ta l  per turbat ions wil l  change i ts  path from what  has  been
predicted in a relatively short period of time. 8 2 This  phenome-
non is  compounded if  the satel l i te  has the abil i ty to perform
even small maneuvers (especially if out of sight of enemy sen -
sors). 8 3 With the addition of decoys, a satellite could leave even
relat ively sophist icated adversar ies  uncertain as  to  the actual
time that they were being overflown. 8 4 Maneuvers cost  fuel ,
which in turn shortens the l ife of the satel l i te ,  but  this  could
be overcome either by deliberately designing the rest  of the
satel l i te  to last  a  short  t ime (and thus saving money) or  possi-
bly by refueling the satell i te on orbit .  In other words, although
maneuver of an orbiting body is difficult,  relatively small ma-
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neuvers  can have substant ia l  effects .  The disadvantages of
predictability can largely be overcome.

Continuity is  clearly a function of design,  and usually be-
comes an issue because of  cost  constraints .  I f  enough satel-
l i tes  a re  bui l t  cheaply  and i f  launching  them and mainta in ing
them in orbi t  is  affordable,  there is  no physical  reason why
space systems could not  provide cont inuous coverage over  any
part or all  of the globe. This is due now with GPS (24 satel-
l i tes),  Iridium (66 satell i tes),  and Teledesic (approximately
eight-hundred satell i tes).  Communications constellations will
also provide coverage from much lower orbits.  The problem is
that  in lowering the al t i tude to overcome the distance problem
the number  of  sate l l i tes  needed r ises  considerably,  which
complicates  the  cost  and command and control  issues .  Use of
advanced technologies  such as  s tandardiza t ion  and modular -
i ty,  f lexible manufacturing,  and autonomous spacecraft  opera -
t ions  make  the  p rob lems  manageab le ;  however ,  these  ap-
proaches  c lear ly  f i t  more  c lose ly  in to  a  demand-or ien ted
archi tecture .

Responsiveness and flexibility are strongly architecture de-
pendent.  An architecture that can be tailored to an emerging
situation on the ground would provide good strategic flexibility.
An architecture that can be rapidly augmented to provide addi-
tional capabilities will fulfill the needs of operational users. A
command-oriented system by its nature is il l-suited to these
kinds of adjustments; however, and our lack of a responsive
spacelift capability makes the problem worse. Even if we had a
launch-on-demand system, a command-oriented architecture
would not be flexible and responsive. This is due to the long lead
times for satellite building, the requirement that they last a long
time, the cost of each satellite, and our operating procedures
that put most of the maintenance and control functions on the
ground, and thus require large numbers of operators.

Less  obvious,  but  equal ly  important ,  i s  the  fact  that  the
architectural  philosophy strongly influences the responsive -
ness of spacelift  systems. Although it  is desirable to be able to
launch sa te l l i tes  rapid ly ,  a  command-or iented  archi tec ture
may hinder the development of  rapidly responsive launch ca -
pabi l i t ies .  S ince  the  command-or iented  archi tec ture  i s  i l l -
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suited to take advantage of these capabilit ies,  i t  provides lit t le
incentive to justify the development costs of a revolutionary
kind of  space access  which we only use a  few t imes a  year .8 5

Timeliness also is a function of design. Even a command-ori-
ented system, given sufficient motivation, can push information
through its bottlenecks quickly on occasion. By removing the
choke points of centralized processing and control, a demand-
oriented system can respond rapidly to almost any request.

Vulnerabil i ty,  whether  to enemy act ion or  to mishap,  can
also be great ly reduced by design.  The more systems there are
on orbi t ,  the  smar ter  those  sys tems are ,  the  more  pathways
avai lable  for  information t ransmission,  the more launch s i tes ,
and the more ground s i tes  capable  of  tasking the satel l i tes ,
the less chance there is  that  loss of any one component wil l
seriously affect  the system. Because this  is  the case,  each
component  could  be  des igned and tes ted to  less  s t r ingent
specifications, which would make the cost of proliferating sys -
tems more  bearable .

The  need  to  opera te  in  a  harsh  envi ronment  i s  an  inherent
feature  of  space sys tems.  But  what  i s  the  answer  to  th is  prob-
lem? Long system l ife  is  seen as a  plus,  but  this  seems to
tackle  an environmental  disadvantage head on.  I t  a lso adds to
the cost  and technological  backwardness of spacecraft  by in -
creasing their  weight  and complexi ty  and thus  lengthening the
time needed to design,  build,  test ,  and deploy them. Much
cheaper systems could operate perfectly well for more limited
periods,  so that  in  the long run responsiveness could be im -
proved at  no greater  cost .  This disadvantage of space shows
that  a l ternat ive archi tectural  approaches can mit igate  even
inherent  l imitat ions of  the operat ing environment.

Cost  i s  a  drawback for  space  sys tems,  but  i t  may not  be  an
insurmountable  barr ier .  Cost  i s  dr iven by many th ings ,  but
two stand out—the satel l i te  i tself  and the cost  of  access.  Many
current satell i tes are extremely expensive,  but so are aircraft
car r ie rs  and B-2  bombers .  Jus t  as  not  a l l  sh ips  and a i rcraf t
are as  expensive as those premier  systems,  nei ther  are al l
satelli tes.  In fact,  by taking advantage of new technologies and
methods as  descr ibed throughout  th is  s tudy,  individual  sa te l -
l i tes  could  be  produced re la t ively  inexpensively . 8 6 As  fo r

DAEHNICK

155



launch,  the combinat ion of  demand for  responsiveness ,  ro -
bustness,  and low operat ing costs  with the potential  of  im -
proved design and construction capabili t ies could finally pro -
vide the incentive to pay the up-front costs of developing a
radically improved spacelift system. There will always be a
price to pay for having an advanced capabil i ty,  but  i t  need not
be exorbi tant .

From the discussion above,  the intr insic  disadvantages of
space  sys tems  appear  to  be  d i s tance  and  harsh  envi ronment .
The rest  are essential ly a function of two things:  the design
choices  made in  developing the  space archi tecture ,  and the
difficulty (cost and slowness) of access to space which is also
related to architectural  design choices.  Even the intrinsic dis -
advantages  of  space  are  no worse  than the  in t r ins ic  d isadvan-
tages of  air  or  the ocean in the sense that  properly designed
systems will  always be needed to exploit  the environment.

The Key Factors Needed to Overcome
Design-Driven Disadvantages

The  f ea tu re s  o f  a  demand-o r i en t ed  a r ch i t ec tu re enab l e
space system designers to make better  use of  rapidly evolving
technology.  At the same t ime,  that  technology may make some
of the features of a demand-oriented architecture possible.  For
example,  by taking advantage of  a  s tandardized and modular
spacecraft  design,  including operat ing system software,  future
mili tary space operators could draw from a stock of subsys -
tems and essential ly “bolt” together a satel l i te  in a few hours.8 7

Since the  design and interfaces  would be s tandardized,  a
minimum amount  of  tes t ing would be needed before the sys -
tem was deployed.  Using an advanced internal  archi tecture ,
the  basic  components  could  be  assembled to  support  several
different  missions.8 8 Sensor  or  other  mission payload packages
could l ikewise be designed to fi t  the standard interfaces.

By assembling a satel l i te  short ly before launch,  operators
could incorporate the latest  in processor and storage technol-
ogy. 8 9 Just- in- t ime assembly would produce bet ter  perform -
ance on orbi t  and would cut  down on the s tockpi les  of  par ts
tha t  would  have  to  be  cont inua l ly  main ta ined .9 0 With im -
proved on-orbi t  performance,  sa te l l i tes  could do more for
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themselves including autonomously navigat ing,  maneuvering,
and monitor ing their  own heal th  and s ta tus .  Except  for  emer -
gency s i tua t ions ,  the  amount  of  ground suppor t  needed by  the
satel l i te  could be reduced to almost  zero,  making the addi-
t ional  support  costs  of proliferated constel lat ions small .  The
additional processing capabili ty would also allow the satell i tes
to provide different kinds of products directly to the users,  for
example ,  on-board  ta rge t  de tec t ion  process ing  and  cue ing
other sensors or  combat forces with target  type and location.
At the same t ime,  the satel l i te  could pass a ful l  image of an
area  a l ready annota ted wi th  detected targets  to  theater  head-
quarters  for  correlat ion with other  sources and send unproc -
essed raw data to a central  location for evaluation of the satel-
li te’s performance. This ability has the potential to make RSTA
systems much more decentral ized and avai lable  to  mult iple
use r s . 9 1

An archi tectural  approach resul t ing in a  prol i ferat ion of
autonomous and potentially maneuvering satelli tes on orbit  and
increasing transits of space will strain existing ability to monitor
activity in space. At some point, an enhanced space surveillance
capability will need to be deployed, one that can adapt to this
new environment.9 2 This will probably include space-based sen -
sors and a new concept of space traffic control.

Technology t rends  seem to  favor  the  demand-or iented ap-
proach.  As more advanced capabil i t ies  become part  of  the
commercial  sector ,  part icularly in electronics and software but
a lso  in  mater ia ls ,  des ign,  and manufactur ing,  our  nat ional
securi ty space architecture wil l  be challenged to adopt  the
capabili t ies ever more rapidly.  In many cases,  the technologi-
cal  advantage among mili tary forces will  go not to the country
that  can develop the  best  technologies ,  but  to  the  one that  can
best  exploit  new technologies regardless of the source.  In a
similar vein, technological advantage is becoming more per -
ishable, and it is ill-advisable to lock into a specific technology
for 20 plus years.  The key to exploit ing the trends in technol-
ogy is to change design philosophy to one that not only ac-
cepts early obsolescence but plans for i t .  This will  undoubt-
edly prove uncomfortable to some (as i t  does to any personal
computer  buyer  who f inds  a  cheaper  and  be t te r  sys tem on  the
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market  a  month la ter) ,  but  i t  i s  a lso the key to  adapt ing to  a
rapidly changing environment  and to making swif t  progress ,
thus s taying ahead of  r ivals .

Inevitably, the concept of a demand-oriented architecture will
depend on the performance and cost-effectiveness of small satel-
lites, sometimes called lightsats. Space systems can be built
rapidly and affordably only if size, weight, and complexity are
reduced.9 3 Lightsats have numerous critics as well as advo-
cates .9 4 Because of progress in miniaturizing components and
subsystems, there is substantial reason to believe that perform -
ance goals can be achieved, especially if those performance goals
are realistic,  that is ,  based on need rather than want.9 5 A more
debatable proposition is whether satellites can ever be cheap
enough to be routinely considered for short duration (three to six
months) or special  purpose missions.9 6

Taking advantage of commercial ly available equipment and
re la t ive ly  l a rge  p roduc t ion  runs  and  us ing  smal l e r ,  more
modular  spacecraft  would dramatical ly reduce the cost  of  each
satellite.9 7 This would be of litt le use, however, if  launch costs
were not  also dramatical ly decreased. 9 8 The preceding sections
should make i t  clear that  rapid,  affordable space l if t  is  a crit i-
cal  issue in moving toward the advantages of  a  demand-ori-
ented space archi tecture . 9 9 Advocates of improved space capa -
bil i ty for the United States should make the development of
greatly improved spacelift an overriding priority.

How Does an Architectural Comparison Framework Help?

The Department of Defense has recognized the need for a
coordinated approach to developing future space capabilities
and has designated a deputy defense undersecretary for space
acquisition and technology programs.1 0 0 Building on this con -
cept, the Air Force has proposed seven strategies to improve the
space capabilities of the United States.1 0 1 Both actions imply a
recognition that future space capabilities must be considered in
a holistic sense. Addressing problems or pursuing opportunities
in just  one area—satell i te size,  launch systems, command and
control, or operational concepts—at best leads to suboptimiza -
tion and at  worst  leads to poor conclusions by assuming away
key issues or ignoring interdependencies. To avoid this pitfall,
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some method of describing what a space  archi tec ture  i s  and
how i ts  components  in teract  i s  needed.

The framework for architectural  comparison presented in
this paper is  a foundation for thinking about the real  differ -
ences between al ternat ive approaches to  designing space sys -
tems.  With considerable expansion,  i t  could serve as  the basis
for  quanti tat ive comparisons between different  architectural
designs.  At this point,  however,  i ts  main value is  in providing
some qual i ta t ive  boundar ies  to  the  debate  and help ing  to
f rame ques t ions  about  bo th  space  sys tem hardware  and  the
underlying operational  philosophy or doctrine.  By highlighting
the nature  and extent  of  the  di f ferences  between command
and demand or ientat ion,  their  respect ive advantages and dis -
advantages,  and the relat ionship of  the archi tectural  features
to real-world determinants ,  the framework also opens the way
to discussion of  what  doctr inal  or  physical  changes are desir -
able  in  future  space systems.

Summary and Implicat ions

This study has explored the possibi l i ty of  using the concepts
of  command and demand or ienta t ion to  descr ibe  not  only  the
way information might  f low in a space system but  also to
encompass  the  na ture  of  the  ent i re  space  archi tec ture  inc lud-
ing hardware, facilit ies,  and operational procedures. To give
this  expanded def ini t ion of  command and demand or ientat ion
meaning,  the s tudy presented a  f ramework for  descr ibing and
ult imately comparing space architectures in terms of their
physical  e lements ,  operat ional  and other  a t t r ibutes ,  and the
real-world factors determining how an architecture will  look
and perform.

This  approach appears  to  have some ut i l i ty .  Although the
d is t inc t ions  tha t  the  s tudy  draws  be tween  command-  and  de-
mand-oriented archi tectures  are  largely qual i ta t ive,  they are
real  and unambiguous .  Command or ienta t ion manifes ts  i t se l f
in a centralized system with extensive ground control;  a rela -
tively small and fixed number of large, highly capable on-orbit
assets;  and a spacelif t  capabil i ty driven by reliabil i ty and the
need to  launch on schedule .  In  contras t ,  a  demand-or iented
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architecture wil l  be decentral ized and distr ibuted with more
processing and control functions in orbit,  a relatively large
number  of  smal ler  sa te l l i tes  that  can be  augmented in  a  shor t
period of t ime, and an emphasis on system-wide (constella -
t ion)  performance as  opposed to the performance of  an indi-
vidual  sate l l i te .  Demand-oriented systems,  unl ike command-
oriented systems,  favor satel l i tes that  can be buil t  quickly and
affordably using the latest  off-the-shelf technology. Demand-
oriented architectures will  tend to allow more users at a lower
organizational level to communicate directly with the satellites
and wil l  delegate  authori ty  to  task space systems to the opera -
tional level.  The spacelift  capability required by a demand-ori-
ented  archi tec ture  must  be  responsive  and be  able  to  surge  to
augment on-orbit  capabil i t ies.

An archi tecture with demand-oriented character is t ics  also
appears to be the only viable al ternat ive if  in the future an
enemy contests  the r ight  to use space freely.  The demand-ori-
en ted  approach  i s  inherent ly  more  robus t ,  ab le  to  absorb
damage,  and able  to  respond wi th  augmented or  replenish-
ment  capabil i ty.  A command-oriented architecture,  because of
the central izat ion and the cri t ical i ty of  each asset ,  is  less ro -
bust  in  the face of  at tack or  mishap.  Although the concept  of
wars extending to space is  not  yet  widely accepted,  space
superior i ty  has not  yet  become an issue in  a  confl ic t ,  and at
present  the  threat  seems minimal  in  both  a  s t ra tegic  and
tactical  sense similar to the  threat  of aircraft  to surface ships
before World War II—this is  an issue that  space planners
should not  ignore.

The contras t  be tween command-  and demand-or iented  ar -
chi tectures  reveals  that  many of  the disadvantages t radi t ion -
a l ly  assoc ia ted  wi th  space  sys tems—among them predic t -
abil i ty,  inabili ty to provide continuous coverage, and poor
responsiveness and flexibil i ty—are more a function of archi-
tectural  design character is t ics  than the inherent  l imitat ions of
the  environment .  With the  r ight  approach to  space system
design,  much more  can be  achieved in  space  than expected.
On the  other  hand,  fa i lure  to  separate  fundamental  or  in t r in -
sic l imitations from those imposed by design choices can lead
to less overal l  capabil i ty by producing faulty assumptions.
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I t  should  come as  no  surpr i se  tha t  the  cur ren t  US na t iona l
secur i ty  space archi tecture  is  predominant ly  command or i -
en t ed  w i th  t he  a s soc i a t ed  advan tages  and  d i s advan tages .
Since  th is  i s  the  only  archi tec ture  that  most  space  planners
are  famil iar  wi th ,  i t  i s  a lso  unsurpr is ing that  many planners
think of  those advantages  and disadvantages  as  intr insic  to
space  sys tems.  Fur thermore ,  the  Uni ted  S ta tes  t remendous
investment  in  exis t ing systems and the  undeniably  superb
capabil i t ies of those systems encourage the development of
incremental  improvements  ra ther  than wholesale  changes  in
equipment  or  concepts  of  operat ions.

Although this  s i tuat ion has val id  his tor ical  and technical
roots,  changes over the past  several  years in the geopoli t ical
envi ronment  have  reshaped bas ic  assumpt ions  about  requi re-
ments  and budgets .  Budgetary real i ty  means that  the United
States  cannot  respond to  addi t ional  needs by deploying more
of the existing kind of systems; it’s simply not affordable.
Emerging requirements clearly point  to the need for a more
demand-or iented archi tec ture ,  a t  leas t  to  augment  the  com -
mand-oriented “backbone” in times of crisis,  if  not to provide
the bulk of  the space support  to regional  or  theater  CINCs.
Providing a fundamental ly different  architecture is  the best
way to be responsive to the needs of  the theater  war f ighters,
to convince those war f ighters that  space assets  wil l  always be
there  when needed,  and to  encourage ful l  use  of  the  advan-
tages of  space.

Demand-oriented archi tectures require not  only the devel-
opment of new procedures,  but  the exploitat ion of new tech -
nology. Technological  trends—in computing power,  structures,
mater ia ls ,  and des ign techniques ,  such as  s tandardized in ter -
faces  and modular  construct ion,  enable  a  break from the vi -
cious cycle of increasing cost  and complexity that  space sys -
tems are  now in and al low for  more rapid deployment  of
modern systems.  Harnessing the  capabi l i t ies  in  those tech -
nologies will  make possible smaller,  less expensive, but still
highly capable  space systems.  The same t rends also make i t
imperat ive  that  we assess  our  current  doct r ine  and pract ices ,
since failure to recognize and adapt to a changing environ -
ment could al low an enemy to leap ahead of  us in capabil i ty.
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To take advantage of the potential  of demand-oriented sys -
tems,  some obstacles  must  be overcome.  These obstacles  are
two-fold .  Firs t ,  p lanners  are  saddled with  outdated assump-
t ions  abou t  wha t  space  sys t ems  can  and  shou ld  do .  The
United States  lacks a  coherent  s t rategy for  control l ing and
exploit ing space that  could help shape mil i tary doctr ine and
di rec t  sys tem development  e f for t s .  Second,  the  ab i l i ty  to
change the nature  of  space archi tectures  depends heavi ly  on
creat ing a much more responsive and inexpensive spacel if t
capabi l i ty .  Unfortunately,  the nature  of  the current  nat ional
securi ty space architecture does not  produce suff icient  incen -
tives to develop that new type of spacelift.

The United States needs to move toward more rapid exploi-
tation of technological opportunities vice comprehensive, dedi-
cated leading edge development.  This  process needs to be
made  rout ine  so  tha t  a  space  a rch i tec ture  can  adapt  more
rapidly when hit  with surprises or opportunities.  Since it’s
impossible to anticipate everything, flexibility must be built
into future space assets—but at  the “architectural” level ,  not
by creat ing heroical ly capable individual  systems.  Perhaps the
ul t imate test  of  a  space archi tecture is  whether  i t  encourages
or retards this flexibility.

Recognizing that  the  Uni ted Sta tes  cannot ,  and should not ,
comple te ly  abandon  the  type  o f  space  sys tems  tha t  have
served it  well  for over 30 years,  there are sti l l  some useful
s teps to  be taken.  Strategy and doctr ine for  decentral ized
space  opera t ions k e y e d  t o  s u p p o r t i n g  t h e  t h e a t e r  C I N C s
should be developed from a clean sheet  of  paper,  with no
preconceptions as to what is  possible.  A detailed analysis of
the potential  for  demand-oriented systems to respond to re-
quirements and technological  opportunit ies  in several  mission
areas should be conducted.  Development  of  a  spacel i f t  system
that  provides rapid,  rel iable,  and inexpensive access to space
must  be  given the  highest  pr ior i ty ,  wi th  the  payload such a
system carries  t reated as a  measure of  meri t ,  not  specif ied in
a requirement.  To demonstrate the possibil i t ies of new types of
space systems,  DOD should promote a  design-to-cost  compe-
ti t ion for small  satell i tes to perform various missions,  and
should  encourage the  development  of  modular  des igns  and
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standard interfaces.  If  such steps are taken in paral lel—and i t
is  important to recognize that  strategy, doctrine,  technology,
cost  goals ,  and perhaps above al l ,  the abi l i ty  to get  useful
payloads into orbi t  as  quickly and as  of ten as  the s t rategy
demands,  are  l inked—the next  few years  could see the emer -
gence of  a  new space architecture.

Fundamentally, the choice of an architectural approach in
developing future space systems matters. We first need to recog-
nize that there are viable alternative approaches. To understand
the nature and implications of those alternatives, we need a
common basis for discussion and comparison. The framework
presented in this study is a first step in that direction.

In the words of Air Force Gen Henry “Hap” Arnold  in  1945,
“National safety would be endangered by an Air Force whose
doctr ines  and techniques are  t ied solely  on the equipment  and
process  of  the  moment .  Present  equipment  is  but  a  s tep in
progress,  and any Air Force which does not  keep i ts  doctrines
ahead of  i ts  equipment ,  and i ts  vis ion far  into the future ,  can
only delude the nation into a false sense of security.”1 0 2  The
words are as relevant for space forces as they have been for
the Air  Force,  and as applicable today as ever.

Notes

1.  This  s tudy is  concerned with nat ional  securi ty  as  opposed to the
commercial  or civil  sector of space operations and with the near-earth
region (both terms as defined in Joint  Pub 3-14,  Joint  Doctr ine,  Tactics ,
Training,  and Procedures [JDTTP] 3-14, Space Operations ,  15 April  1992)
because these are  the areas  of  immediate  concern to  the US mil i tary,  and
because the abil i ty to exploi t  near-earth space wil l  be the foundation for  any
future,  wider ranging endeavors.  This focus does not  preclude discussion of
issues  that  overlap with other  sectors ,  such as  the relevance of  the commer -
cial  sector  to  our  launch and technology development .

2 .  The terms command oriented a n d  demand oriented were used in Air
University’s 1994 SPACECAST 2020 study. Traditionally, those terms have
been used to  descr ibe the  informat ion f low in  a  system,  but  they seem to
have implications for every aspect of a space architecture.  In part ,  this
paper  arose from a need to  more ful ly  explain and just i fy  those terms and
ideas .

3.  This  environment  has a  s ingle major  adversary,  a  focus on s trategic-
nuclear  intel l igence needs,  an overriding nat ional  priori ty that  demands
performance with li t t le regard for cost or operational difficulties,  and an
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organizational and security structure with “stovepiped” systems with l i t t le
interoperability or connectivity to conventional military forces. Historian R.
Cargill  Hall ,  in “The Eisenhower Administration and the Cold War: Framing
American Astronaut ics  to  Serve Nat ional  Securi ty ,”  unpubl ished essay,
January 1994,  2 ,  says  that  our  “astronaut ical  enterpr ise” was “impressed
with a near-indelible Cold War seal” by its origins. See, for example, the
Blue Ribbon Panel of the Air Force in Space in the 21st Century, Executive
S u m m a r y  (Washington, D.C.:  the Panel,  1992);  Gen Charles A. Horner,
commander in chief ,  US Space Command, “Space Seen as Challenge,  Mili-
tary’s Final Frontier,” prepared statement to the Senate Armed Services
Committee,  22 April  1993; Gen Charles A. Horner,  “Space 1990 and Beyond
. .  .  The Turning Point,” presentation to the US Air Force Today & Tomorrow
conference; Lt Gen Thomas S. Moorman, “Space: A New Strategic Frontier,"
undated essay,  14–15;  and John T.  Correl l ,  “Fogbound in Space,” Air Force
Magazine ,  January  1994 ,  22–29 .

4. I.  B. Holley, “Of Saber Charges, Escort Fighters, and Spacecraft,” Air
University Review ,  September–October  1983,  10.

5 .  I  am more  accus tomed to  the  te rm capabilities a n d  limitations. Also I
u s e  advantage  to avoid confusion with joint  publications which use the
word capability  to mean the ability to perform a specific type of mission.

6. For example, alt i tude (a characteristic of air  or space systems) offers
the possibil i ty of seeing farther,  but i t  requires being able to see far enough
(meaning resolving those things of interest  from the background) and over -
coming or living with obscuration.

7.  Old methods can be perpetuated beyond their  useful  l imits .  For  a
discussion of  the pers is tence of  the horse cavalry and the lessons for  space
forces,  see Brig Gen Bob Stewart,  USA, Retired, untit led address to the
Space Support to the Warfighter Conference, Peterson AFB, Colo.,  15 De -
cember  1993.

8. Joint Pub 3-14, III-2 to III-5.  This definition appears to imply that
space systems offer no unique capabili t ies,  so it  doesn’t help in deriving
space “advantages.”

9. Ibid., chap .  2 .
10.  Pla t form speed and weapons range are  based on the  environment

(gravity, composition, etc.) and make the extent of the environment irrele -
vant in some cases.  Does i t  matter how far a satell i te travels to perform its
mission? No,  what  mat ters  is  the  amount  of  t ime i t  takes .

11. Air Force Space Command, “Space Primer,” preliminary draft ,  Febru -
ary 1995.

12. Ibid., 7.
13 .  SPACECAST 2020 Executive Summary  (Maxwell AFB, Ala.: Air Uni-

versity,  June 1994),  i .
14.  An example is  a  prohibi t ion on basing weapons of  mass destruct ion

in orbit  per the 1967 Outer Space Treaty, “The Treaty on Principles Govern-
ing the Activit ies of States in the Exploration and Use of Outer Space,
including the Moon and Other Celestial  Bodies”;  and Joint  Pub 3-14,  A-5.  In
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other words in international law there is no legal basis for “closing” space or
restricting access to it ,  even if i t  were physically possible. The continuity of
the  medium ensures  tha t  once  in  space  a  spacecraf t  has  access  to  the
entire  planet’s  surface.  Of course,  space could become a bat t leground in the
fu ture ,  as  the  h igh  seas  have  been  in  the  pas t .

15. A low-earth-orbiting satellite has a point on the ground in view for
only about 10 minutes out of every orbit .  Revisit time is the ability to have a
specific mission capability over a specific point on the earth with sufficient
frequency. Vulnerability of a satellite requires some elaboration. Although it
can be difficult to physically reach a deployed satellite, some, especially in
low orbits,  could be vulnerable to directed energy weapons, ECM or physical
at tack.  Weight  is  a t  a  premium, and spacecraf t  themselves  are  usual ly  qui te
“soft.” Many ground stations are relatively soft targets. Launch facilities for
current  sys tems are  a lso  vulnerable  to  ter ror is t  or  o ther  a t tack or  to  natura l
d i sas te r .

16.  This  can go the other  way also,  as  seems to  be the case with  the
Global Positioning System largely replacing terrestrial navigation systems.

17. Examples of this in the commercial  sector are the Motorola Iridium
and Microsoft /McCaw Teledesic communications satel l i te  concepts which,
because of a desire for global coverage and other requirements,  use rela -
t ively large numbers of low-earth-orbit ing constel lat ions rather than tradi-
t ional geosynchronous platforms. Although neither is yet deployed, Iridium
is approaching deployment on or ahead of schedule.  William B. Scott ,  “Irid -
ium on Track for First  Launch in 1996,” Aviation Week & Space Technology ,
3  Apri l  1995,  56–61.  Teledesic is  pressing ahead with launch options and
other  advance planning.

18. Referred to as the “tyranny of the payload.” The Honorable Sheila E.
Widnall ,  secretary of the Air Force,  address to the National Security Indus-
trial  Association, Crystal City,  Va.,  22 March 1994, 3.

19. This study differs from AFDD-4, Space  Operations Doctrine, 1  May
1995,  which l is ts  three elements:  space,  ground,  and the “l ink,”  which
primari ly  means communicat ions.  The ident i f icat ion of  space,  ground and
launch segments ,  and the breakdown into more specif ic  e lements ,  is  both
more in l ine with t radi t ional  space system descript ions and more useful  in
forming an archi tectural  comparison.  Dr.  James R.  Wertz  and Dr.  Wiley J .
Larson,  eds. ,  Space Mission Analysis and Design  (Dordrecht, The Nether -
lands: Kluwer Academic Publishers,  1991), 9–10.

20.  I  base this  on my experience in conducting the operational  analysis
of the SPACECAST 2020 study,  on my education as an astronautical  engi -
neer ,  and  on  var ious  tex ts  and shor t  courses  on  space  sys tem des ign  in -
cluding TRW Space and Technology Group,  TRW Space Data Book ,  4 th  ed .
(Redondo Beach, Calif.:  TRW S&TG Communications, 1992); Wertz and
Larson; and James R. French and Michael  D. Griffen,  “Spacecraft  Systems
Design and Engineering,”  short  course presented as  part  of  the American
Institute of Aeronautics and Astronautics (AIAA) Professional Studies Series,
14–15 February  1990.
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21.  Steven R.  Petersen, Space Control and the Role of Antisatellite Weap -
ons  (Maxwell AFB, Ala.: Air University Press, May 1991), 72; and Mark H.
Shellans and Will iam R. Matoush,  “Designing Survivable Space Systems,”
Aerospace America ,  August  1992,  38–41.

22 .  S tephen  J .  McNamara ,  Air Power’s Gordian Knot: Centralized versus
Organic Control  (Maxwell AFB, Ala.: Air University Press, August 1994).

23. An example is the “push” orientation of certain intelligence informa-
t ion,  meaning that  everything avai lable  that  meets  cer tain broad parameters
is forwarded. The system makes l i t t le attempt to respond to the “pull” of
specific requirements from the field.

24. An imperfect  but helpful analogy would be to contrast  Marine Corps
air  organization and doctrine,  particularly for close air  support ,  to that  of
the US Air Force. McNamara.

25.  Joint  Pub 3-14,  I II-5.
26.  Based on funct ional  descr ipt ions  in  Air  Force Space Command,

“Space Primer.”
27.  Unclassif ied sources typically l ist  about 60 national  securi ty satel-

li tes,  a third of which are in the Navigation Satelli te Timing and Ranging
(NAVSTAR) GPS constellation, to perform missions worldwide. Paul B.
Stares ,  Space and National Security  (Washington, D.C.: The Brookings Insti-
tution, 1987).

28.  This assert ion can only be inferred indirectly from comments in
unclassified li terature,  For example, Adm William O. Studeman in “The
Space Business and National  Securi ty:  an Evolving Partnership,” Aerospace
America ,  November 1994, 27, says that the United States is “living off the
resources of the past .  The space inventory in orbit  today is generally less
capable  than that  in  orbi t  dur ing Deser t  Storm.”

29.  This does not  include si tes  dedicated to operat ing classif ied systems,
or the numerous sites of the Air Force Satelli te Control Network. The former
are examples of stovepiping in specific functional areas,  and the latter are
manifestat ions of  a  command-oriented architecture,  not  of  a  decentral ized
or dis tr ibuted command and control  system, as  is  explained in the sect ions
which follow. Since some orbits can only be reached from one of these
launch s i tes ,  in  effect  we have no backup in  case  that  s i te  should become
unavailable.

30.  The Uni ted Sta tes  would need two to  three  months  to  replace  a
satel l i te  that  fai led unexpectedly.  Some satel l i te  and launcher combinations
would take nearly a year to replace.  Horner,  “Space 1990 and Beyond,” 11.

31. The exception to this, of course, is the GPS constellation, since it  is a
broadcas t  sys tem.

32. According to Martin Faga, budget cuts “translate into less service for
policymakers and intelligence consumers.” Bill Gertz, “The Secret Mission of
the NRO,” Air Force Magazine ,  June 1993,  60–63.  See also Horner,  “Space
1990 and Beyond,”  5 ;  and  Studeman,  29 .

33.  The general  nature of  the requirements  is  apparent  in  A National
Security Strategy of Engagement and Enlargement (Washington, D.C.: The
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White House,  July 1994),  and current  US National  Securi ty Strategy,  and
the Department of the Air Force,  Global Presence 1995 (Washington, D.C.:
Government Printing Office [GPO], 1995).

34.  As opposed to the cold war s i tuat ion,  in  which the predominant
strategic concern was a large-scale conflict  with the Soviet Union, the indi-
cators of an emerging crisis could be developed and refined over years,  and
systems could even be built  specifically to look for certain indicators.

35. An example is interfaces (physical and electrical) of software or of
cer ta in  key components .  The personal  computer  and automobi le  businesses
offer  numerous  examples .  Standardizat ion should not  be  taken to  extremes.
One size (or color or model) will not fit all customers.

36.  These exceptions are minor since there are no operational  (as op -
posed to research and development)  DOD satel l i tes suitable for Pegasus
launch.  The space shutt le is  different  of course,  but  i t  is  not  really a player
in the national  securi ty space architecture for  poli t ical  reasons (DOD pay-
loads were phased out of shutt le launches following the Challenger explo-
sion in 1986),  operat ional  concerns ( there are few shutt le  f l ights  every year
and manifes t ing a  major  payload on the  shut t le  must  be  done years  in
advance and requires  extensive coordinat ion,  test ing,  safeguards,  and inte -
grat ion work) and cost  (even by conservative est imates,  launching a shutt le
cos ts  more  than any other  sys tem).  See  the  Space Launch Modernization
Study Execut ive  Summary (Washington, D.C.:  Department of Defense,  18
April 1994), 13.

37. See Maj William W. Bruner III, “The National Security Implications of
Inexpensive Space Access,” (master’s thesis, School of Advanced Airpower
Studies [SAAS],  June 1995) for a discussion of the strategic and operational
implications of a vehicle that provided rapid,  reliable,  and low cost access to
space.

38. A perfect i l lustration of this is  our attempt to replace the DSP early
warning system, which is  basical ly a  1960s design.  Since the early 1980s
we have at tempted to develop the Boost  Survei l lance and Tracking System,
the Advanced Warning System, the Tact ical  Warning/Attack Assessment
System, and the Follow-On Early Warning System. All were canceled and
then reborn under  a  new name,  the  la tes t  of  which is  a ler t ,  locate  and
report missiles (ALARM). The reasons for these repeated failures are com -
plex, but the root of the problem may be that our observe-orient-decide-act
(OODA) loop is too slow. We take so long to specify requirements for a
system,  design and tes t  i t ,  and f ie ld  i t  that  the  requirements  and budgetary
ground shif ts  out  f rom under  us ,  leaving the system with no support .  I t
goes without saying that this cycle adjusts poorly to rapidly changing tech -
nology. For an idea of the complexity of the political and bureaucratic
issues involved,  see United States Congress,  House Committee on Govern-
ment Operations,  Legislat ion and National  Securi ty Subcommittee,  S trategic
Satellite Systems in a Post-Cold War Environment  (Washington, D.C.: GPO, 2
February 1994).
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39.  Studeman,  27;  and Gertz ,  63.  Trying to  sat isfy requirements  no
longer  seems to  be an opt ion,  and much of  the space community seems
resigned to just  doing the best  they can with the money they’re given. As
Martin Faga is quoted in the Gertz article:  “It  isn’t  the requirements.  The
requirements are infinite.”

40. Low observable, or stealth, technology is a good example of the latter
two points.

41. As in l inear algebra.
42.  Though perhaps s t i l l  one that  would lend i tself  la ter  to  numerical

weighting and operat ions analysis .
43 .  This  i s  done  to  compare  the  command-  and demand-or iented  ap-

proaches. For a different sort of comparison, the weighting would obviously
reflect different criteria.

44 .  This  becomes  a  problem because  the  smal l  number  of  launches
means  tha t  each  one  mus t  succeed ,  ye t  the  need  to  push  per formance  to
the maximum forces costs  up and rel iabil i ty down, According to W. Paul
Blase, “The First Reusable SSTO Spacecraft,” Spaceflight, March  1993 ,  91 ,
as you approach the l imits  of  performance,  every 10 percent  increase in
performance doubles the cost  and halves the rel iabi l i ty.

45. In the case of the launch vehicle, everything may be sacrificed for
performance,  so that  rel iabil i ty can be ensured only by intensive review and
highly involved checks and cross-checks.

46. For example, the abili ty of a constellation of electrooptical sensors to
have continuous coverage of an area of interest  and t imely reporting of that
information may be more important  than the resolut ion of  an individual
sensor .

47.  These assert ions were at  least  chal lenged by performance in the Gulf
War.

48. Especially if  Iridium, Teledesic, and similar concepts come to frui-
t ion.  Bruner .

49.  For more on this ,  see SPACECAST 2020 Final Report, vol. 1 (Maxwell,
AFB: Air University, June 1994), specifically the section entitled, “Spacelift:
Suborbital ,  Earth to Orbit ,  and On-Orbit .”

50.  For  th is  asser t ion  to  be  t rue ,  cheap enough means  tha t  savings  on
launch costs  are  greater  than the cost  of  redesigning the satel l i te .  In some
cases ,  this  may mean redesign at  the archi tectural  ra ther  than the satel l i te
level .  For example,  i t  may not  make sense to launch a large geosynchronous
communicat ions satel l i te  in  pieces  and assemble i t  on orbi t ,  but  the same
mission could be accomplished by several  smaller ,  lower-capacity communi-
cations satellites, either in geosynchronous or lower orbits,  at a lower life
cycle cost.

51. RSTA recognizes the expanded utility of integrating the more intelli-
gence-oriented aspects of  the mission with those directly supporting opera-
tions,  with the ult imate goal of creating (as the Russians call  i t)  a reconnais -
sance-str ike complex that  wil l  detect ,  locate,  identify,  and attack enemy
forces  much fas ter  than they can react .
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52. The phrase,  “support  to the war fighter,” has cropped up in briefings
at tended by the author on everything from developmental  systems to Space
Command organization.  I t  appears in virtually every art icle on mili tary
space writ ten since the Gulf War,  and,  in the form of “support  to mili tary
operations” has even become a raison d’être for parts  of  the national  intel l i-
gence community.  See,  for  example,  Studeman,  26.

53.  An example is  the DOD Bottom-Up Review which is  based on the
ability to fight two major regional contingencies. The theater CINC focus
was, of course,  promoted by the 1986 Goldwater-Nichols Act,  and reinforced
by experience in Desert  Shield/Desert  Storm.

54.  These are  pr imari ly  discussed as  lessons learned from Desert  Storm.
See, for example, Moorman; Lt Gen James R. Clapper Jr. ,  “Imagery—Gulf
War Lessons Learned and Future Challenges,”  American Intelligence Jour-
nal, Winter/Spring 1992, 13–17; and Kevin H. Darr, “DIA’s Intelligence
Imagery Support  Process:  Operat ions Desert  Shield/Desert  Storm and Be -
yond,” American Intelligence Journal, Winter /Spring 1992,  43–45.

55. Department of the Air Force, Global Presence.
56. One of the major shortcomings identified in the Gulf War was the

inability of RSTA systems to provide synoptic coverage of the theater. Stude -
man, 26. Actual capabili t ies of our space RSTA systems are classified, but i t
is  fair  to surmise from their  cold war mission of monitoring the USSR that
they are optimized to collect highly detailed information on fixed targets,  not
to provide near-real-time coverage of a dynamic situation. As partial confir -
mation of this,  many recent TENCAP projects have focused mainly on intel-
ligence preparation of the battlefield functions. Chief of naval operations
(CNO), briefing, N-632, “JCS TENCAP Special Project 95 Night Vector, Pro-
ject  Summary,” Apri l  1995.  There are exceptions,  and there have been
efforts to allow our current space systems to provide more direct  support
(Talon Sword, Radiant Ivory), but I believe in general that the statement in
the text  is  t rue.

57. The United States will employ systems to fill  in gaps in coverage or
add a  type of  sensor  not  normally present .

58. RSTA was one of the foci of Exercise Roving Sands 1995, in which
the  author  took par t  as  a  member  of  the  a i r  opera t ions  center .

59. D. Brian Gordon, “Use of Civil Satellite Imagery for Operations De -
ser t  Shie ld /Deser t  S torm,”  American Intelligence Journal, Winte r /Spr ing
1992,  39.

60. Covering all relevant spectra is impractical because of inevitable
space, weight,  and power constraints;  the possibili ty of physical or electro-
magnetic interference among different  sensors;  the engineering drawback of
having to design the platform to sui t  the most  demanding of  sensors  (e .g.
providing far  more stabil i ty than most  sensors need for the one that  does
require i t) ;  and the volume of data that would result ,  which would either
require multiple data l inks on one platform or a l ink of extremely high
capacity.
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61.  These factors  make bat t le  damage or  combat  assessment  one of  the
most consistently difficult tasks for intelligence.

62.  This  importance is  s imilar  to  the Scud hunt  during the Gulf  War.  Of
course this doesn’t effect RSTA alone, but also the conventional forces who
must  deal  with the problem

63. For example, i t  may not be possible to adjust the orbit  of a satell i te
to optimize coverage over a given region, either because it  would use up too
much of the satellite’s maneuvering fuel (and hence its operational life),  or
because coverage of  some other  theater  requires  a  compromise orbi t .

64. The “technology freeze date” for a major space system is typically five
or more years before the first  launch. Since that satell i te is  l ikely to operate
for several  years,  the onboard electronics could be 10 to 15 years behind
what is  available on the ground toward the end of the satell i te’s l ife.

65.  Addit ionally,  processors use power and produce heat .  Both of  these
phenomena add weight  to  the satel l i te  design.

66.  Similar  concerns have been raised in the past  about  vir tual ly al l
types of forces—air combat forces, airlift forces, and naval forces. The solu -
tions worked out to date have generally given the CINC control of any forces
while they are operating in his area of responsibili ty,  a compromise that is
somewhat  problemat ic  wi th  regard to  space systems.

67. CNO briefing; “Space Warfare Center,” Space Tactics Bulletin  1 ,  no .
1,  June 1994. On the air  s ide,  the Defense Airborne Reconnaissance Office
is planning to spend $9.23 bill ion  over the next five years.  Maj Gen Kenneth
R. Israel,  “An Integrated Airborne Reconnaissance Strategy,” Unmanned
S y s t e m s  12,  no.  3  (Summer 1994):  17–32.

68.  Since the current  system is  primari ly command oriented,  i t  offers
good examples of how to improve a generic command-oriented architecture.  
For example, the Vista project and the joint force air  component com -
mander (JFACC) joint  si tuational  awareness system  (JSAS) described in the
CNO briefing.

69. CNO briefing.
70.  Addit ional  coverage can be requested,  and this  system makes i t

eas ier  to  know what  to  ask for ,  but  the  theater  user  is  s t i l l  a t  the  mercy of
someone else’s priorities.

71.  Maj Stephen P.  Howard,  “Special  Operat ions Forces and Unmanned
Aerial Vehicles: Failure or Future?” (master’s thesis,  SAAS, June 1995)
describes how unmanned aerial vehicles (UAV) with enhanced capabilities
could contribute to the special  operat ions forces missions.

72.  An example is  the use of  a  laser  imaging,  detect ion,  and ranging
(LIDAR) or other active sensor to discriminate real targets from decoys, or
performing highly detai led batt le  damage assessment.

73. See, for example, Dr. Brian McCue, “The Military Utility of Civilian
Remote Sensing Satellites,” Space Times, January–February  1994 ,  11–14;
and Dr. Ray A. Williamson, “Assessing U.S. Civilian Remote Sensing Satel-
li tes and Data,” Space Times, January–February  1994,  6-10 .
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74. John G. Roos, “SPOT’s ‘Open Skies’ Policy Was Early Casualty of
Mideast Conflict,” Armed Forces Journal International, April  1991,  32.

75. According to Joint Pub 3-14, B-15, requests for LANDSAT data can
take from several  days to several  months to f i l l .  Because of the orbit  and the
limitations of the sensors,  a given area on the ground is imaged only every
16 to  22 days .

76.  This implies that  the demand-oriented system might be overlaid on
an exist ing,  command-oriented architecture in t imes of crisis .

77. Arguably,  though, in a world of multiple,  ongoing crises there may
be considerable residual capabil i ty on orbit  that  could be chopped from
CINC to CINC as appropriate.

78. On building satelli tes quickly, see Leonard David, “Faster,  Better,
Cheaper: Sloganeering or Good Engineering?" Aerospace America, J a n u a r y
1995, 28–32, and “New Techniques Allow 22-Day Satellite Assembly,” Avia -
tion Week & Space Technology, 3 Apri l  1995,  57.  There are  many opinions
on ways to radically improve space l if t ;  three examples are John A. Copper,
et al. ,  “Future single stage rockets: Reusable and Reliable,” Aerospace Amer-
ica, February 1994, 18–21; John R. London III ,  LEO on the Cheap: Methods
for Achieving Drastic Reductions in Space Launch Costs (Maxwell AFB, Ala.:
Air University Press, October 1994); and SPACECAST 2020 Final Report, vol.
1.  The Advanced Research Projects Agency has also spearheaded efforts to
provide more user-responsive space assets.  One example is the DARPASAT
p r o g r a m .

79.  Joint  Pub 3-14,  1–2.  The US Air  Force awards astronaut  wings for
fl ights above 50 miles.  The thermosphere—the boundary above which the
atmosphere provides virtually no protection from ultraviolet  radiation—be -
gins at  about  55 miles .  Wertz  and Larson,  194.  In legal  terms,  there is  no
authori tat ive defini t ion of  where nat ional  airspace ends and internat ional
space begins.

80.  This not  to say that  weapons or other payloads coming from or
through space could not perform missions now done,  for example by air -
craft ,  only to note that  even with the increased speed of an orbital  or
suborbital system there will  be a delay before the payload arrives. If the
target is  immobile,  located where an aircraft  cannot reach, or too well
hardened to  be destroyed by a  nonnuclear  aer ia l  weapon,  a  space solut ion
may be attractive.

81.  This  makes a  difference for  some missions,  s ince atmospheric  ab-
sorpt ion and dis turbance is  greater  a t  some wavelengths  in  the  e lect romag-
netic spectrum than others.  Notes from Air Force Insti tute of Technology
Course Physics  S21,  Space Survei l lance,  Summer 1989.

82.  Geosynchronous,  sun-synchronous,  and Molniya orbi ts  are  exam -
ples. William E. Wiesel, Spaceflight Dynamics (New York: McGraw Hill,
1989), chap. 3 and 66–67. Over a period of time, the lack of precise knowl-
edge of init ial  conditions and the effect of various perturbations on the
satelli te’s orbit  grow into a large enough positional uncertainty that a viewer
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no longer  has a  t rack on the satel l i te .  Regular  observat ions are needed to
update a satelli te’s orbital  elements.

83.  These maneuvers can be on the order of  meters per second of veloc -
ity change, compared to orbital velocities on the order of 10 kilometers per
second.

84. This hypothetical conclusion is based on the difficulty of predicting
the track of a given space object in the absence of sufficient observations. If
our  operat ional  procedures force us to use a  part icular ,  more predictable
orbital path, this advantage is nullified. History shows that this liability is
not confined to space systems, witness the often predictable pattern of air
operat ions in Vietnam.

85.  Since satel l i tes  are large,  heavy,  and complex;  require a long t ime to
build; last a long time; and are extremely expensive, they are not likely to be
stockpiled.  Performance and rel iabil i ty of  satel l i tes and launch systems are
emphasized above al l  else,  and in general  the command-oriented architec -
ture depends on having adequate capabil i t ies  in place for  cr ises,  not  on
augmenta t ion  or  recons t i tu t ion  and replenishment .

86.  Certainly the backers of  Teledesic are bett ing that  this  is  t rue.
87.  Although we cannot yet  do this ,  t rends in technology clearly point  in

this direction. “New Techniques Allow 22-Day Satellite Assembly,” 57, dis -
cusses  reducing sate l l i te  assembly and tes t ing t ime from years  to  days and
uses the analogy of  the revolution Henry Ford brought to automobile as -
sembly.  Cont inuing that  analogy,  there  is  every reason to  suspect  that  as
assembly automobile l ines of today are far more efficient and flexible than
they were in Henry Ford’s day, future satell i te assembly—with the aid of
type certification to reduce individual satelli te testing, standardized mod -
ules,  and so forth—will  also be much simplif ied.  I t  bears remembering that
the Iridium satellites are both fairly complex and designed for five- to seven-
year l i fet imes.  The satel l i tes needed for augmenting a demand-oriented ar-
chi tecture  could  be  much s impler .

88 .  The  archi tec ture  could  be  l ike  the  open sys tems archi tec ture  used by
the personal  computer  industry .

89. This advantage does not minimize the difficulties of using commer -
cial  electronic equipment in space,  but i t  can be done with intell igent
design,  sui table redundancy and without  expecting 100 percent  rel iabil i ty
or exceptionally long lifetimes.

90. This just-in-time delivery would presume reliable suppliers.
91 .  Cer ta in ly  a  t remendous  amount  of  onboard  process ing ,  perhaps

even intelligence, will  be needed to produce an RSTA architecture that could
broadcast  information—as GPS does—without  overwhelming most  users
with unnecessary data.  This  kind of  concept  also requires  that  each receiver
be able to correlate,  fuse,  and act  on information from the multiple off-
board sensors that i t  may be receiving. Although these seem like difficult
problems,  they also seem l ike issues  that  must  be tackled i f  we are  not  to
depend on central ized processing nodes and a  few high-capaci ty  data  l inks .
In other words,  these problems must be solved if  the US military is going to
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prepare to f ight  in a high-tempo operating environment against  enemies
who unders tand our  re l iance  on  informat ion  and have  the  means  to  a t tack .

92 .  SPACECAST 2020 Final Report, vol. 1, section D, “Space Traffic Con -
trol,  The Culmination of Improved Space Operations.”

93.  There is  no consensus on the defini t ion of  a  lightsat,  t h o u g h  a
lightsat  is  usually a satell i te of 1,500 to 2,000 pounds or less.  The Teledesic
satel l i tes fal l  into this  category.  In recent  years,  there has been increasing
talk  and development  work on microsats  weighing as l i t t le as a few pounds.
Theresa Foley, “Tiny Satellites Aim to Please the Bean Counters,” New York
Times, 5 March  1995,  10F.

94. For example, Donald C. Latham, “Lightsats: A Flawed Concept,”
Armed Forces Journal International, August  1990,  84–86.  S .  Roy Schuber t ,
James R. Stuart  and Stanley W. Dubyn, “LightSats:  The Coming Revolu -
tion,” Aerospace America, February 1994,  26–29,  34;  “Fi t t ing the Small  to
the Infinite,” The Economist, 12 October 1991,  87–88.

95 .  The  Clement ine  lunar  mapper  and  as te ro id  rendezvous  miss ion
showed many of  the reasons for  pursuing this  course.  For  $80 mil l ion,  far
less than any previous mission outside of near-earth orbit ,  a  satel l i te  weigh -
ing just over five hundred pounds (without fuel) was able to provide valu -
able and in many cases unique scientif ic  information.  The mission was not
completed due to a software defect ,  which highlights a danger of  building
satelli tes “faster and cheaper.” Given time, additional testing, and consider -
ably more money such problems can be avoided,  but  the point  of  the
Clementine demonstrat ion was to  make acceptable  some r isk to  gain rapid
and affordable response. Col Pedro L. Rustan, “Clementine: Mining New
Uses for SDI Technology,” Aerospace America ,  January  1994 ,  38–41;  and
Rustan,  “Clementine:  Measuring the results ,”  Aerospace America, February
1995, 34–38. I t’s  worth mentioning that  doing things the conventional  way,
with  substant ia l  tes t ing and a  much larger  budget ,  i s  no guarantee  of
success either.  Witness the loss (for causes sti l l  not precisely known) of
NASA’s Mars Explorer mission. For the ideas of one of the pioneers, see
William E. Howard III, “Cheaper by the Dozen?,” US Naval Institute Proceed-
ings,  February 1989,  70–74.

96. An example is a constellation dedicated to providing near-continuous
RSTA coverage of a particular theater.

97.  How much costs  can be reduced is  a  diff icul t  quest ion.  How much
they should  be reduced is  perhaps  a  bet ter  quest ion.  In  other  words ,  what
cost per satell i te would the mili tary find acceptable for an important mis -
sion for  which the hardware was expendable? I  suggest  that  the cost  goal
for a satel l i te  to enable this  approach should be in the neighborhood of
what  a  cruise  missi le  costs ,  around $1 mil l ion.

98.  How much can launch cos ts  be  decreased? A bet ter  ques t ion may
be,  how low do launch costs  have to be to make a  responsive launch system
cost  effect ive? Based on research and numerous discussions during the
SPACECAST 2020 study, I  believe the threshold is about five hundred
dollars  per  pound,  so that  the total  l i f t  cost  for  a  nominal  1 ,000-pound
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satel l i te  would be f ive hundred thousand dollars .  To achieve this  kind of
cost level,  the launch vehicle would almost certainly have to be reusable.
This  compares  to  current  launch costs  of  roughly four  thousand dol lars  to
$12,000 per  pound on relat ively nonresponsive launch systems.  United
States  Air  Force Space Command,  Space Launch Modernization Plan (Moor-
man Study)  Execut ive  Summary (Peterson AFB, Colo.: Department of De -
fense, 18 April  1994).  The Pegasus l ight launch vehicle is currently the
cheapest dedicated ride that is  not piggybacking on another satell i te’s larger
launch vehicle.  Pegasus can at tain orbi t  at  about  $12 mil l ion for  a  payload
under  900 pounds ,  but  a t  a  cos t -per -pound of  near ly  $15,000.  London, : 5.

99.  Another valid question is ,  “Given a responsive space launch capabil-
i ty,  how does one ensure that i t  will  have enough capacity in t imes of crisis
without huge overhead costs (either for an inventory of expendable vehicles
or an idle fleet  of reusable ones) during noncrisis periods?” The answer is  to
build reusable vehicles  that  can have mult iple  missions,  perhaps including
surface-to-surface cargo transport ,  weapons delivery,  or even reconnais -
sance .  In  SPACECAST 2020 Final Report ,  vol.  1, the chapter “Spacelift:
Suborbi ta l ,  Ear th  to  Orbi t ,  and On Orbi t”  discusses  how this  could be done
with a  t ransatmospheric  vehicle  using a modular  (or  containerized)  payload
approach .

100. William B. Scott, “’Architect’ to Reshape Defense Space Policy,”
Aviation Week & Space Technology, 20  Februa ry  1995 ,  50 .

101. Briefing, “Seven Strategies for Space—The Way Ahead,” Col C. A.
Waln, USAF Space and Missile Systems Center; Col H. E. Hagemeier, Air
Force Space Command, and Mr. Darrell  Spreen; USAF Phill ips Laboratory,
J a n u a r y  1 9 9 5 .

102. AFM 1-1, Basic Doctrine of the United States Air Force, 1984,  4–7.
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